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AN ENERGY CONSERVATION STUDY
FOk THE US AIR TORCE ACADEMY*

by
John L. Peterson and L. Brooke Davis

Solar Energy Group (Q-11), MS K571
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

The United States Air Force Academy (AFA) has asked the
Los Alamos National Laboratory to assist them in conducting detailed
energy and solar analyses of selected AFA buildings using the DOE-2
building energy analysis computer program. This report presents the
results of the energy conservation study conducted by Los Alamos in
FY 1981 and 1982 for Building 2360 (Vandenbera Hall), Brilding 2169
(Field House), and Building 2410 (Aeronautics Laboratory).

Energy Conservation and Solar Opportunities (ECOs) are identi-
fied for each building and predicted heating, cooling and electric
energy savings are presented for each ECO. Economic results are
summarized as annual dollars saved, discounted benefit-to-cost ratio,
maximum investment targets, and the life-cycle cost of implementing
each ECO.

l. INTRODUCTION

The United States Air Force Academy (AFA) at Cculorado Springs, Colorado,
has for several ycars been implementing an intensive energy management program
for its facilities.

An -~nergy conservation study has been conducted by the Los Alamos
National Laboratory for the United States Air Force on three buildings located
at the Air Force Academy: Building 2360 {Vandenberg Hall), Building 2169
(Field House), and Building 2410 (Aeronautics Laboratory). The approach in-
cluded a survey of each building to evaluate the energy use of each by per-
forming a conp-chensive enerqy analysis using the DOE-2 computer program, The
intent of this study was to identify energy conservation opportunities (ECOs)

*This work was performed under the auspices of the Department of Engineering/
Energy Management, United States Air Force Academy.

1



that were cost effective in terms of Department of Defense (DOD) economic
criteria for Energy Conservation Investment Program (ECIP) projects. The
results of this study are presented in a series of recommendations in this

report.

II.  METHODOLOGY

The energy surveys were based on a detailed review of as-built drawings,
on-site verification, and on-site discussions with building managers and oper-
ating personnel. Data were collected regarding the number of people occupying
the buildings, operating schedules, and the energy loads imposed by equipment
and lights. Heating, ventilating, and air-ccnditioning (HVAC) and physical
plant equipment and operating practices were also investigated.

Input for the DOE-2.1A computer model of these buildings was based on
the results of these surveys. Preliminary ECOs were developed, computer simu-
lations were performed, and the results for each ECO were compared against
those obtained from a simulation of the existing building (base line energy
consumption). Those ECOs showing the greatest performance improvement at the
least potential cost were subjected to a final computer analysis evaluating
the effect of combining promising ECOs. The energy savings reported within
the Recommendations, Sec. IV, reflect the incremental energy saved when com-
bi.ing alternative ECOs.

The basis for funding requests by the Air Force Academy for each ECO was
established by the ECIP criteria that

1. all projects amortize within their ecoromic life, and

2. all projects produce an energy-to-cost ratio (E/C) of at least 15.
In our judgment, the cost of implementing each recommended ECO will be less
than the funds requested. Appendix A presents a detail~d discussion of the
performance analysis of each building; a detailed economic analysis can be
found in Appendix B.

IIT., BUILDING DESCRIPTIONS

Vandenberg Hall is a 760,000 ft2 complex billeting 2,400 Air Force
cadets and providing laundry, storage, recreational, assembly, and shopping
facilities to the residents. The building is characterized by energy con-
serving architectural features such as insulated curtain walls, 10-in. concrete
floors and roofs with exterior insulation, and heat-absorbing, double-glazed,
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rnerable windows. Like many other buildings of thce Academy, VYandenberg Hall

15 supplied with hot water from a central bhoiler utility through an under-
grounc tunnel distribution system. The high-temperature water from the utility
1s converted withir the buiiding to medium- and low-tcemperature sources of
water serving tne HVAC and domestic hot water (DHW) systems, respectively.

With the exception of certain specialty areas within the building, air tempera-
tures are maintained at 65°F during the day and 55°F at night in the winter by
hot water baseboard heaters. In the summer, the tempering effect of manually
operated drapes and windows couple with tne massive concrete structure to
passively control the temperature swings within the living quarters. A cnce-
through ventilation system is used to maintain air quality within the building
throughout the year.

The Field House is a two-story 246,000 ftz high-bay building that en-
closes a basketball stadium, an ice hockev arena, and a multipurpose/track
facility. Like Vandenberg Hall, this buiiding is supplied with hot water from
a central boiler utility and underground tunnel distribution system to heat
the building. Mechanical chilling is provided to produce ice for the ice
hockey rink, The buiiding is serviced by several large air-handlina units in
each of the above three areas. These units function in a 100% recirculation
mode to maintain the building at 62°F, ODuring sports events, concerts, or
other activities in which there are a large number of people in the building,
the units operate in a 100% ventilation mode in which outside air is brought
into the building to meet the increased interior load. Space cooling is
accomplished entirely through the use of mechanical ventilation,

The Aeronautics Laboratory (Aero Lab) is a two-story building function-
ally divided into classrooms, laboratories, offices, and test cells. The
building is an architecturally massive structure with an advantageous solar
orientation along a long east-west axis. However, the building has limited
potential as a solar heating retrofit project be~ause of the large internal
loads generated within the structure. The flat roof is constructed of
built-up roofing on a 2-in, poured gypsum foundation. The exterior walls on
the upper floor are precast concrete panels covering a cinder block structure
whereas the lower floor walls are a combination of concrete block and poured
concrete with the north and west walls completely underground. The Aero Lab
receives high-temperature hot water from the central boiler utility and con-
verts the water to medium-temperature water for use in the building HVAC



system, Chilled water for space cooling is received from absorption chillers
located in the basement of Fairchild Hall, which is adjacent to the Aero Lab.
A central multizone system serves the entire upper floor area and most of the
lower floor. With the exception of the mechanical room and the test cells,
air temperature is maintained at 68°F during the day and 60°F at night. A
four-pipe fan coil system is used to heat and cool the test-cell classrooms.
Unit heaters are used to heat those areas not conditioned by the multizone or
four-pipe fan coil systems; a thermcstatically controlled ventilation fan
cools the mechanical room.

IV.  RECOMMENDATIONS
A. Building 2360, Vandenberg Hall

There are four recommendations for Vandenberg Hall that meet the FY-1984
ECIP guidance for cost effectiveness: ventilation air reductions, heat re-

covery, motor and fan officiency improvements, and reinstatement of economizer
operation, Each is described below and the existing equipment that will be
affected by these recommendations is identified.

1. Reduce Building Ventilation Rates. Vandenberg Hall was designed in

1956 to meet all building codes in effect at that time; however, since 1956, a
significant amount of research has been conducted to determine Lhe effect of
ventilation air on the health of building occupants. This research has led to
the lowering of minimum fresh air requirements for buildings in keeping with
more energy efficient design practice. The American Society of Heating,
Refrigerating, and Air-Conditioning Engineers (ASHRAE) summarizes the rec-
ommendat ions of their Society concerning the results of this research in the
nationally accepted ASHRAE Standard 62-73, "Standards for Natural and Mechani-
cal Ventilation." It is proposed that the operation of the ventilation equip-
ment supporting Vandenberg Hall be modified in accordance with this standard,
The ventilation equipment that would be affected by this modification includes
the heating and ventilating units supplying fresh air to the building coriidors
(corridor fans) and the fans (toilet and storage area fans) exhausting air

from the shower, toilet, and storage areas of the building. The equipment
numbers are shown in Tables I and II under the heading, "Supporting Ventilation
Equipment.”



ASHRAE Standard 62-73 recommends that a minimum of 10 ¢fm and 15 <fm of
fresh air be supplied to each person occunying the shower and -oilel areas of
a military installation, respectively. Assuming that all of the occupants of
the cadet facilities be located in these areas at any one time, ths minimum
ventilation rate can be calculated as follows:

2400 people x

(10 7 15) ctmiperson = 30,000 cfm.

The corridor fans are installed to deliver 56,000 cfm of fresh air to these
areas continuously, as well as 32,900 cfm to the storage areas of the building
through use of the building corridors as supply air plenums. Toilet fans are
instalied to exhaust 56,000 cfm of air from the shower and toilet areas con-
tinuously. We recommend that delivery of 88,900 cfm through these corridors
be reduced and that the air exhausted from the shower and toilet areas be
reduced to 33,000 cfm. The exhaust air reduction should de accomplished, as
indicated in Table I, to maintain the building air balance. Reducing the air
exhausted “rom each individual shower and toilet area in proportion to the
total recommended reduction will provide the ventilation rates shown in

Table I.

Reductions in ventilation air continuously supplied to the storage areas
of Vandenberg Hall are also recommended. ASHRAE Standard 62-73 recommends a
minimum ventilation rate of 5 cfm per person in storage areas. Assuming that
only one person occupies every 200 ft2 of storage floor area during duty
hours, the rate of fresh air recommended for each storage area is shown in
Table II. The storage fans supporting these areas should exhaust air at the
rates indicated in Table II. Note that the recommended ventilation rate of
1,252 cfm for all of these areas is consideraoly less than the 32,900 cfm
currently exhausted. Because the supply of fresh air to the storage areas is
also provided by the corridor “ans, a tctal reduction from the 88,900 cfm
currently supplied to 31,252 cfm is recommended to maintain the building air
balance.

Other areas of Vandenberg Hall were investigated for potential reduc-
tions in the rate of fresh air delivery. The truck dork, fireplace, lyceum,
forge, and paint spray booth are ventilated by fans that are infrequently
used, so they were excluded as potential candidates. Likewise, the electrical



TABLL

I

SHOWER AND TOILET VENTILATION RECOMMENDATIONS

Building
Location

First Floor, Unit 3

Second Floor, Unit 1

Second Floor, Unit 2

Second Floor, Unit 3

Third Floor, Unit 1
Third Floor, Unit 2
Third Floor, Unit 3
Fifth Floor, Unit 1

Fifth Floor, Unit 2

Fifth Floor, Unit 3

Sixth Floor, Unit 1

Sixth Floor, Unit 2

Sixth Floor, Unit 3
Total

Design

Air

1,560
£,880

3,920
3,740
5,880
3,920
3,740
5,860

3,900
3,920
5,860
3,900

3,920
56,000

Ventilation

__{cfm)

Recommended
Ventilation

Air
(cfm)

836
3,150

2,100
2,004
3,150
2,100
2,004
3,139

2,089
2,100
3,139
2,089

2,100
30,000

%Refer to equipment numbers on building drawings.

Supporting(a)
Ventilation
Equipment

HV 3 and 4; EX-19

HV 42, 43, 54, 55;
EX-1 thru 4, 6 and
7, 9 thru 16

A

\

HV 44, thru £3
EX-1 thru 4,
6 and 7, 9 thru 16

!




TABLE 1T

STORAGE VENTILATION RECOMMZNDATIONS

Recommnended
K:ggr Vertilation Supporting?
Building 2 Air Ventilation
Location (ft7) (cfm) Equipment
First Floor, Unit 3 17,064 427 Hv 3, 4; EX-19
Second Floor, Unit 1 6,440 161 HV 42, 43,
54, 5%; LXx-20
Second Floor, Unit 2 5,840 146 HV 42, 43,
54, 55; EX-21
Second Floor, Unit 3 7,200 180 HV 42, 43
54, 55; EX-22
Third Floor, Unit 1 6,440 161 HV 42, 43,
54, 55: EX-20
Third Floor, Unit 2 5,840 146 HV 42, 43,
54, 55; £X-21
Third Floor, Unit 3 1,232 31 HV 42, 43,
54, 55; EX-22
Total 50,056 1.252

Refer to equipment numbers on building drawings.

substation and utility tunnel areas are unconditioned spaces, so modifica-
tions to the fans ventilating these areas would not realize significant energy
savings. A1l of the remaining areas require only 19,560 cfm of fresh air
delivery by other ventilating fans, so they were dismissed as marginal
candidates.

The implementation of this recommendation is calculated with DOE-2.1A to
save 13,287 «x 106 Btu of primary energy annually at the source.

2. Waste Heat Recovery. The potential for reclaiming waste heat cur-

rently exhausted to the environment is large for Vandenberg Hall. Conserva-
tively assuming that Recommendation 1 is adopted, even after significant



reductions in ventilation air rates. some 50,812 ft3 of heated air will be

exhausted each minute from thic building. This equates to a consumption of

2 .
1.08 x $5EELIN 8023 F-day ﬁiyh - 11,622 x 108 Btu

of fuel annually at the cential boiler plant. Thus, we recommend that either
one of two approaches or a combination of both approaches be used to reclaim
wastc heat: waste heat recovery from the ventilation air exhaust, ani/or heat
recovery from the utility tunnel system.

The recovery of heat from air exhausted from the building can be accom-
plished by constructing a closed run-around heat recovery loop with heat ex-
change coils located in the supply and return ventilation system ductwork.
Heat recovered from the exhaust air would be used to preheat the building's
out.ide air supply. We proposed such a system for the Sigma Building at
Los Alamos National Laboratory and a copy of the conceptual scheme is shown in
Fig. 1. The equipment affected would be the same as shown in Table 1 and
Table Il plus fans HV-1, 2, 6, 7, 8, and EX-5, 8, 17, 26, 32, 33, and 24,

The second heat recovery option would involve reclaiming waste heat from
the utility tunnels serving the Air Force Academy. We estimaite that 300 Btu/h
of heat can be recovered for each linear foot of utility tunnel. This assumes
that two (supply and return) 6-in.-diam pipes with 1 1/2-in. of insulation
transmit 350°F water through the tunnels. Thus, it would require nearly 3100
linear feet of tunnel to offset the ventilation heat lnsses of this building.
This is determined as follows:

6
(11,612 x 10 %Eg X 0-7)/<30_0?§E x 8760 ;_r ). 3093 linear feet.

*In the above calculation, the combined boiler plant and hot water distributicn
system 1S assumed to be 70% efficient and the fe tor 1.3 is used to convert
the ventilation rate at 7100 it elevation to standard air rates at sea level.
The degree days shown are for a 70°F base temperature at Coloradc Springs,
Colorado. The temperature of the air supplied by the ventiiation equipment
is 70 F.
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New fans, filters, and distribution ductwork inducing utility tunnel gair
will have to be installed to deliver the reclaimed waste heat to the ventila-
tion system. The ventilation equipment affected by this modification is the
same as specified for the first option for heat recuvery.

We suspect that a combination of both heat recovery options will yicld
the most cost-effective solution. In any event, DOE-2.1A calculations indicate
the saving of primary energy (at the source) at 9,477 «x 106 Btu annually.

This assumes option 1 is implemented with a heat recovery effectiveness of 75%.

3. Motor and Fan Efficiency Improvements. Many of the fans in

Vandenberg are extremely inefficient. For example, the corridor fans HV 45,
49, 50, 52, and 53 are celculated to be 18% efficient as follows:

5800 zfm x 0.5 in, HZO Y
Fan efficiency = y<—ewrarmm 2.0 = 157
p

The fan efficiencies of corridor fans range from 18 to 26% and the exhaust fans
efficiencies range from 20 to 32%. Furthermore, none of the fans supporting
the cadet assembly areas (assembly fans) exceed 187 efficiency. Because cor-
ridor, toilet, and storage fans run continuously, a significant opportunity
exists to reduce fan power consumption. The assembly fans present a similar,
although scmewhat reduced, opportunity because they must operate continuously
during the winter to maintain thermal comfort and to prevent freezing in the
assembly rooms. We recommend that the fans and fan motors supporting these
areas be replaced with new fans and motors. The equipment to be replaced
should include the assembly fans HV 10 through 39 as well as the equipment
defined as being affected by Recommendation 2. Assuming that Recommendations

1 and 2 are impiemented and that the specified fan/motor efficiencies can be
doubled, DOE-2.1A calculations show the primary energy (at the utility) saving
at 4,711 x 105
replacement if the ventilation air reductions recommended previously are not

Btu annually, Larger savings can be realized by fan/motor

implemented.
4. Reinstatement of Economizer Operation. Maintenance personnel, in

the interesy of saving energy, have programmed the fresh air dampers of multi-
zone fans S-41 and EX-35 closed when the outdoor temperature drops below 60°F,
This 1s an inappropriate modification of the system that conditions the cadet
sture area in Vandenberg Hall. The cadet store arca is characteristic of a

10



space that has large internal energy sources. This space requires only a
nominal! amount of heat, but must be cooled year-round. By programmning the
fresh air dampers to close when the outdoor temperature drups below 60°F, the
system is incapable of praviding free ventilation cooling during the winter,
A11 of the cooling must be accomplished by expensive mechanical cooling. We
recommend that the economizer cycle originally programned be reinstated to
provide ventilative cooling.

The implementation of this recommendation is calcuiated by DOE-?.iA to
save 350 «x 106 Btu anrually at the (electric utility) source, assuming that
Recommendations 1, 2, and 3 have been previouslyv adopted.

B. Building 2169, Field House
There is only one recommendaticn for the Field House that meets the

FY 1984 ECIP guidance for funding: the pressurization of the building to
offset infiltration losses.

An infiltration rate of 0.58* air changes/h is estimated for the Fi:ld
House. This equates to an irfiltration rate of 109,166 cfm for a building vol-
ume of 11,293,128 ft3. 1f the building could be pressurized with 66,000 cfm
of 70°F air drawn through the adjacent high-temperature (350°F) hot water
utility tunnel such that 60% of the infiltration was eiiminated, the consump-
tion of

24 h

1.08 X 8023F-day x §it = 15,083 x 10° Bty

< 60,000 cfm
T3 x0.7
of fuel anrually at the central boiler plant could be avoided. Thus, we rec-
ommend that waste heat recovery from the utility tunnel system be implemente: .
The recovery of 10,558 x 106 Btu (that is, 15,083 x 106 x 0.7) of waste
heat from the utility tunnel distribution system would require approximately
4000 linear feet of tunnel. This assumes a 350°F water temperature, two
6-in.-diam pipes per utility tunnel, 1-1/2 in. of insulation on the pipes and
a maximum of 7.5 mph of air flowing through tunnels. Subsequent to this
study, the Air Force Academy completed a retrofit project to install an addi-
tional 2 in. of fiber glass insulation on the hot water utility pipes within

*The estinate of infiltration was irade after discussions with Joseph Ashley
of the US Naval Civil Engineering Research Laboratory. He has been under
contract (MIPRN-81-6 with Tyndall AFB) to perform tracer gas infiltration
tests of large airplane hangers,
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the tunnel adjacent to the Field House. The reduced heat loss available for
recovery increases the length of tunne! required to 13,400 linear icet.

The recommended ECO retrofit involves the installation of heat recovery
equipment including fans, ductwork, and necessary eguipment tc allow the ex-
isting air-handling equipment in each of the three large areas of the building
to distribute this preheated air. A table of the major air-handling equipment
in each area is provided in Table III.

TABLE 111
MAJOR AIR-HANDLING EQUIPMENT

Floor Area Volume Major Supporting
Building Zone (ftz) (ft3) Ventilation Equipment
Basketball Stadium 47,124 2,780,316 AH-1 through AH-8, AH-10

AH-36, EF-1 through EF-5

Ice Hockey Arena 47,124 2,780,316 AH-11 through AH-18
EF-6 through EF-9

Multipurpose/Track 74,579 5.667,980 AH-20 through AH-31
EF-10 through EF-13

DOE-2.1A calculations show the saving of primary energy (at the source)
at 10,543 x 106 Btu annually, assuming that the space is maintained at the
current setting of 68°F. A no-cost option of lowering this setpoint to 65°F
would reduce this savings slightly.

C. Building 2410, Aeronautics Laboratory

There are three recommendations for the Aero Lab that meet the FY-1984
ECIP guidance for cost effectiveness: seasonal heating and cooling, revised
control of the central multizone system, and evaporative cooling. Each is

described below.
1. Seasonal Heating and Cooling. The heating and cooling systems for

this buiiding were designed to be available on an annual basis. However,
DOE-2.1A simulations show that heating and cooling need only be provided
seasonally and never simultaneously, We recommend that the heating system be
shut down and that cooling be provided only during the summer.



This could be accomplished by turning on or off the hot water pumps -1
and P-2 with a signa! from an instrument sensing outdoor temperature. The
same signal could be used to prohibit or permit the delivery of chilled water
from Fairchila Hall,

DOE-2.1A calculations show the saving of 302 «x 106 Btu o primary
energy annually for the implementation of this strateqy.

2, Demand Control. The central multizone system S1 maintains comfort
in supported zones of the building by automatically modulating the mix of hot
and cold air supplied through damper activity. Hot air is supplied at 100°F

and mixed with cold air at 64°F. Revising the control of such systems to
adjust the temperature of hot and cold deck coils usually results in substan-
tial energy savings. The temperature adjustment is done by a comparing the
demand for cooling or heating in each of the zones of the system. The tempera-
ture of the hot deck is adjusted to just meet the requirements of the coldest
zone and the cold deck is adjusted to meet the requirements of the warmest
zone. We recommend that a comparitor microprocessor be installed to perform
this control.

Implementation would require the installation of a comparitor micro-
processor and two linear thermostats. Signals from the room thermostats are
already transmitted to the Mechanical Room for use in modulating zone dampers.
Fig. 2 shows a possible interface with existing controls,

DOE-Z.1A calculations show a saving of 272 «x 106 Btu of primary energy
annually. This assumes that Option 1 above has been previously implemented.

3. Evaporative Cooling. This opportunity involves the installation of
an evaporadtive cooler in the Subsonic Wind Tunnel Room, and the addition of an

air washer to the central multizone system Sl. This opportunity presumes that
the Subsonic Wind Tunnel room will no longer he served by system S1 because
system S1 does not have sufficient capacity to condition this space. An in-
dependently controlled and evaporatively cooled ventilation unit is recommended
to maintain the comfort conditions in this space. Currently, classroom experi-
ments must be turned off nrcasionally because of a severe overheating problem.
The implementaticn of ‘his scheme will realize primary enerqy savings
(calculated by DOF-2.1A) of 785 ¥ 106 Btu annually, assuming that Options 1
and 2 above have bheen previously implemented. We recommend installation of
both a 35,000 ctm cvaporative cooler and an airwash spray system for the
central multizone system S1.
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V. CONCLUSTONS

A summary of the recommended ECIP projects {including absolute and
relative annual energy and cost savings, saving: par invested dallar,
discountued benefit/cost rdatio, and life-cycle cost) is provided n Table !V
for the three buildings studied. The funds (programmed amount) requested for
the implementation of the recommendations of this study are $1,947,700 for
Vandenberg Hall to save 27,825 x 100 Btu's; $795,214 for the Field House to
save 10,543 x 10% Btu's; and $102,504 for the Aero Lab to save 1,359 v 10°
Btu's. These investments are life-cycle cost effective in accordance with
established Department of Defense ECIP economic criteria. Although no solar
projects are recommended, we have determined the energy and cost savings
associated with the implementation of solar domestic hot water heating systems
for all three buildings and a rumber of solar space heating options for the
Aeronautics Laboratory (see Appendixes A and B). None cof these solar projects
are deemed cost effective at current fuel prices.

No attempt was made to rank these recommendations as to their cost
effectiveness; ranking will be accomplished after a cost estimate of each
recommendation has been prepared by the Air Force Academy. In our judgment,
the cost of implementing each recommended ECO will be less than the programmed
amounts requested.

15



91

TABLE 1v
SUMMARY OF RECOMMENOED ECIP PROJECTS

Estimated
Estimated Annual Savings 10° Btu Saved Max imum Discounted Life-Cycle
Energy_Use « Enerqgy per 31000 Investment Benef it/ Cost
Option (Btu/ftl/ yr) Reduction $1,000 100 gtu Invested (%) Cost Ratio {$1,900)
. Vandenberg Hall, 120,834 — - - - _— - -
baseline
1. Minimize ventila- 103,350 15 160 13,287 15.0 1,001,360 3,413 -2.417
tion rates
2. Run-around heat 90,887 25 274 22,764 15.0 1,715,586 3.398 -4.114
recovery comained
with option 2
3. Improve fan/motor 84 681 30 284 27,475 16.0 1,935,966 3.125 -4,114
efficiencies combined
with options 2 and 3
4. Reinstate ecano- 84,217 30 284 27,825 16.1 1,947,720 3.114 -4.117
mizer combined with
options 2, 3, and 4
Il. Field House, 138,261 - -= - - -- - -
baseline
1. uUtility tunnel 145,432 23 130 10,543 15.0 795,214 3.479 -1,971,126
heat recovery
I[i1. Aeronautics Labora- 462,846 - - - -- - - --
tory, adjusted
baseline
'. Seasonal heating 450,826 3 3 302 15.0 22,718 2.059 - 24
and cooling
2. Demand ccrtrol 440,000 5 7 574 15.0 a3 294 2.169 -581
combined with
option 2
3. Evapaorative cooling 408,756 12 15 1,359 15.0 10,504 3.162 27

combined with
option 3



APPENDIX A
PERFORMANCE CALCULATIONS

I. BUILDING ENZRGY ANAL_YSIS COMPUTER PROGRAM

The source program for this energy study is the Department of Energy's
DOE-2 computer program for energy analysis of buildings. The particular ver-
sion of DOE-2 used in this study 1s DOE-2.1A with modifications to incorporate
a special subroutine that permits the SYSTEMS program to model spray coils,
and another special subroutine that permits modeling of Trombe walls. This
modified version of DOE-~2.1A is operated through the Lcs Alamas Natinnal
Laboratory's Central Computing Facility.

The computer program calculates the hour-by-hour energy use of the build-
ing, given information of the building's location, construction, operation,
HVAC equipment, and primary energy conversion equipment, The program has four
main computational sections: LOADS, SYSTEMS, PLANT, and ECONOMICS. The first
three of these sections were used in this analysis. The economics were calcu-
lated separately using Air Force economic parameters. These computational
sections are identified below, tocether withk the major elements of tha building
system that must be addressed in the energy study.

1. LOADS: building envelope (exposed surfaces; that is, exterior

walls, roofs, slab floors, windows), and internal loads (peaople,
Yights, equipment, and infiltration).

2. SYSTEMS: HVAC systems (ventilation i0ads, fan electrical loads,
heating, and cooling loads).

3. PLANT: building central plant (heating and cooling equipment plus
related equipment loads; total energy use with breakdown by energy
category).

For all runs the Test Rercrence Year (TRY) veather tape for Denver,

Colorado, was used insteac of that for Coloradn Springs because the latter was
found to be incorrect ly packed by the Control Data Corporation.

[T, SPECIFICS CONCERNING INPUT DATA
A. Vandenberg Hall

1. LOADS input. The building was divided into seven zones based on the
as-built drawing furnished by the Air Force Academy. Figure A-1 is an
isometric view of Vandenberg Hall created by our DOE-2.1A version, Table A-I

17



Space Name
56W

56E

23W

23t

235

23N

Fig. A-1. Isometric view of Vandenberg Hall.

TABLE A-I

I.OADS ZONING

Location of Space

Units 1 and 2 of
5th and 6th floor

Unit 3 of
5th and 6th floor

Units 1 and 2 of
2nd and 3rd floor

Unit 3 of
21d and 3rd floor

1<t through 3rd floor

1st through 3rd floor

4th floor

18

Areas Simulated

438 cadet rooms, toilets, laundry,
corridor, storage, orderly room.

220 cadet rooms, toilets, laundry,
corridor,

436 cadet rooms, toilets, laundry,
corridor, orderly room.

220 cadet rooms, toilets, laundry,
corridor, orderly room, test cell,

Mail, shops, storage, truck dock,
cadet store, custodian, display,
offices, supply, lobby.

Model engineering display, radio
club, chess, printing and finish-
ing studio, reading, assembly,
chaplian, conference, magazines,
lyceum, hobby shop.

Assembly, security flight, and IEO
administration,



shows the assionment of space names to physica! areas within the building and
Fig. A-2 exhibits the architectural plan and elevation views of the buildina,
The basement, which includes six mechanical rooms, pipina tunnels, and elec-
trical urnit substations, was not cimulated hecause it i5 not conditioned.

A series of LOADS senrsitivity studies was completed to establish the
energy problem in the building. The building was simulated as it is currently
operated; it was then compared to LOADS simulations with different infiltration
rates varying from 0.79 air changes/h to 1.85 air changes/h. The LOADS output
for each run showed infiltration to be the largest component of the building
load; consequently, a significant effort was made to calculate accurately the
infiltration rates of the building. The ASHRAE crack length was used to esti-
mate the infiltrate rate; different rates were calculated for each space simu-
lated. These rates, when multiplied by the volume of the associated space,
summed, and divided by the total building volume, yield an infiltration rate
of 0.85 air changes/h for the entire building. This rate was applied to the
base case building.

2, SYSTEMS input. The air distribution systems that support Vandenberg
Hall are principally once-through air-handling systems that support the cadet
living quarters, 'owever, the assembly areas are supported by heating and
ventilation (H and V) units that recirculate air within the space and the cadet
store area is served by a multizone unit that also recirculates conditioned
air. The three HVAC systems shown in Tables A-II through A-IV were input to
simulate the distinct operational characteristics of the air distribution sys-
tems described above.

The CENTRAL system models the once-through ventilation system that
supplies 70°F air to the cadet living quarters. The fans of this syctems
run 24 hours a day, 7 days a week, Baseboard heaters provide enough heat
to maintain a 65°F daytime and 55°F nighttime temperature in the conditioned
space. The baseboard thermal output is reset based on the outside air tem-
perat.ure.

The assembly areas served by the ASSEMBLY system were previously heated
by a radiant floor panel system that has since been rendered inoperative.
Consequently, the recirculating H and V units must now provide all of the
heating. The spaces served are heated to 65°F during the day and 55°F at
night. The fans are run continuouc'y during the winter but are turned off in
the sunmer. Demand control varies the temperalure of air delivered to the

19
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Zones

23W

23E

23N

S6W

56E

TABLE A-11

ZONES SERVED BY CENTRAL HVAC SYSTEWM

Area Served
Toilets
Storage

Orderly

Toilets

Storage

Mechanical

Test Cell

Toilets

Storage

Hobby Shop
Radio !.istening

Dark Rooms

Toilets

Toilets

Ventilation
Rate

(cfm)

19,600

8,800

960

7,480

9,600

10,400
100

7,880
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Supporting Ventilation
Equipment

HV-42, 43, 54, 55;
EX-1 through 4, 6, and 7;
EX-9 through 16.

HV-42, 43, 54, 55;
EX-20 and 21.

HV~1 and 2;
EX-5 and 8.

HV-42, 43, 54, 55;
EX-1 through 4, 6, and 7;
EX-9 through 16,

HV-42, 43, 54, 55;
EX-22.

HV-42, 43, 54, 55; EX-17,
HV-42, 43, 54, 55: EX-40.

HV-3 and 4; EX-19,

HV-3 and 4; E¥-19,
HV-8; EX-27, 32 and 34.
HV-7; EX-26.

HV-6; EX-33,

HV-44 through 53;

EX-1 through 4, 6, and 7;
EX-9 through 16.

HV-44 through 53;
EX-1 through 4, 6, and 7;
EX-9 through 16.



TABLE A-ITI

JONES SERVED BY ASSEMBLY HVAC SYSTEM

Air Handling

Capacity Supporting Air-Handling
Zones Area Served (cfm) Equipment
4 Assembly 75,600 HV-10 through 39,
Security Flight 4,500 HV-40 through 41; EX-50.
IE0 Administration 600 HV-56; EX-51,
TABLE A-1V

ZONES SERVED BY STORES HVAC SYSTEM

Air Handling

Capacity Supporting Air-Handling
Zones Area Served (cfm) Equipment
23S Gereral Supply 27,430 S-41; EX-35.

spaces from 55 to 120°F. An economizer cycle has been overridden by a field
modification that permits the introduction of fresh zir into the conditioned
spaces only when the outdoor temperature rises above 60°F.

The STORES system models a 100% recirculation multizone air distribution
system with direct expansion (DX) cooling. The conditioned spaces are con-
trolled between 65 and 80°F all year raund; the fans run 24 hours a day, 7 days
a week. During the winter, an economizer cycle is overridden to permit the
introduction of fresh air into the conditioned spaces only when the outdoor
temperature rises above 60°F. Ouring the summer (June, July, and August), a
spray coil is activated to provide evaporative cooling, thus displacing
machanical chilling. Because DOE-?.lA is incapable of modeling evaporative
cooling in conjunction with DX cooling, no ECO enerqy savings are rcported for
this system during the summer months,

The systems modeled do not inclvde all of the air-handling systems in
the biilding; thosc units supporting the lyceum, truck dock, and fireplace are
infrequently used so they were not simulated., Furthermore, the fans for the
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unit substations. tunnels, and soms toilet oxhaust fans on the Tirid “loor
were ianored because the spaces they served were uncondilioned.

l;__gkﬁﬁ[_[gpqg. The: high-tomperature water suppliec tio tne medium- and
Pow-temperature water systems 0f Vandenberg Hall was timulited by the stedm
utility option of the DOE-2.1A program. Energy consumed at tne source was
calculated by hand by taking the DOE-2.]A results for steam consumption and
dividing by an overall generation and distribution efficiency of 70%.

The entire cooling load for the building was met by a packaged multizone
system for the STORES system. A dummy centrifugal chiller was speciticd 1n
PLANT to keep the progran from aborting.

B. Field House

———— - .= o ———

1. LOADS input. The Field House was divided into three distinct areas
based on thermal characteristics and usage. These three zones are (1) the
basketball stadium, (2) the ice hockey arena, and (3) the multipurpose/track
facility. Data used in the LOADS input were taken from an energy survey per-
formed on the Field House that included a detailed review of the as-built draw-
ings, a site survey, discussion of the building's operation and performence
with the facility's personnel, and information on occupancy and liqghting loads.

Figure A-3 i< ar isometric view of the Field House generated by the
DOE-2.1A program. Figur. A-4 shows the plan view ot the building and the
assignment of zonc/space names to the physical areas within the building.

The results of the LOADS run show infiltration to be the largest com-
ponent of the building load for all three zones, lightine to be the second
largest compnr ont, and heat loss through the roof to be the third largest com-
ponent.

2. SYSTEMS input. The Field House is served by scveral large air-
handling units in each of the zones., Thase units normally function in a 100%
recirculation mode to maintain the building at an average temperature of 68°F.
During sports events, concerts, or other activities in which there would be a
large number of people in the building, the units operate in a 1004 ventilation
mode in which outside air is brought into the building to meet the increased
internal load.

The fans and heating coils in each of the three 2g.es operate on an as
needed basis to maintain the thermostat set point in each zone, The Leompera-
ture of the air provided to the zone is modulated between 120 and 60°F
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Fig. A-3. Isometric view of the Field House.

h

MULTI-PURPOSE

BASKETBALL HOCKEY

Fig, A-4, Plan view of Field House,

There 15 no cooling equipment for the building., Table A-V shows the heating
and ventilating equipment that support each of the three sones.



TABLE A-V

F1E.D HOUSE ZONES

Building Floor 5rea Vo]uge Major Supporting Air-
Zone (ft7) (ft™) Handling Equipment
Basketball Stadium 47,124 2,780,316 AH-1 through AH-8;
AH-10;
AH-36;
EF-1 through EF-5,
Ice hockey arena 4/,124 2,780,316 AH-11 through AH-18;
EF-6 through EF-9,
Multipurpose/track 74,579 5,667,980 AH-20 through AH-31;

EF-10 through EF-13,

based on the outside air temperature. When a zone is operating in the
ventilation mode and thc outside air temperature is above 75°F, the air-
handling units for that zone will return to the rec’-~culation mode.

3. PLANT input. The high-temperature water supplied through converters
to the ethylene glycol distribution system of the Field House was simulated by
the steam utility option of the DOE-2.1A program. C[nergy consumed at the

source was calculated by takina the DOE-2.1A results for steam consumption and
dividing by an overall generation and distribution efficiency of 70%. A dummy
centrifugal chiller was specified in PLANT to prevenl the program from

abort ing.

An active solar system for the building's domestic hot water (DHW) load
was simulated. Four parametric runs were made with varying values for the col-
lector area, collector fluid flow rate, and storage tank volume. Approximately
77% of the building's DHW load can be met with 5000 ft2 of collectors.

C. __Aeronautics Laboratory

1. LOADS input. The building was divided into zores based on the in-
ternal loading, exterior surface type, solar exposure, and HVAC system type,
Figure A-5 is an isometric view of the Acro Lab, as modeled, that was created
by the development version of DOE-2..A. Figures A-6 and A-7 contain a floor
plan showing the zoning divisions. Schedules were input for lights, equipment,

and people occupancy. Infiltratton was assumed to occur only in the lobbies
during the day as the central HVAC system supporting the rest of the building
uses at least 120 fresh air during this period.  This implied that the building

'



is under positive prassure., Some infiltration throughout the buildina was

assumed to occur at night when the HVAC system is in the recirculation mode.
2. SYSTEMS input. Schedules fc thermostat set points and HVAC out-ide

air requirements were input. Because only one HVAC system ic permitted per

thermal zone, the lobbies were split into a skin zone serviced by the unit
heatcrs and a central zone. Size, operating parameters, and outside air re-
quirements and coil set points for all systems were determined from the
drawings and field inspections.

Two developmental modifications to the DOE-2.1A SYSTEMS program w:re
used to simulate two of the options. These include the spray-coil and evapora-
tive cooling routine and the Trombe wall simulation routine.

3. PLANT input. The medium-temperature hot water w2s simulated us' ng
the utility option of the DOE-2.1A program. The energy use values reported
are the number of Btu's of hot water required at the building boundary,

The chilled water demand was converted to equivaicnt high-temperature
hot water and electricity demands by simulating a single-effect absorption
chiller that was sized by the prngram to just meet the peak cooling load. The
energy use values reported are the number of Btu's of hot water and electricity
required to produce the needed chilled water at the building boundary.

II1. SUMMARY OF PERFORMANCE RESULTS - VANDENBERG HALL
Fourteen ECO candidates were analyzed for Vandenberg Hall; thirteen of

these involved conservation modifications and one involved a solar modification,

Conservation

Opt ion Description ——
2 Reinstate cconomizer operation for cadet store
3 Zone thermostat control for baseboard heaters
3 Tunnel prcheat of ventilation air
5 Reinstate radiant heating in assembly areas
6 Run-around heat recovery loop
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Conservation

Option Description

7 Minimize ventilation rates

8 Impreve fan/motor efficiency

9 Night insulation on windows

10 Improve wall and roof insulation

11 Combine options 6 and 7

12 Combine options 6, 7, and 8

13 Combine options 6, 7, 8, and 2

14 Combine options 6, 7, 8, 2, ana 3

Solar Option Description

2 Solar DHW system

The results of the computer analysis of these options are tabulated
in Tables A-VI and A-VII. The individual options are discussed below.
A. Energy Conservation Opportunities (ECOs)

Table A-VI is a comparison of the energy conservatior options considered
and the expected energy consumption of each. An explanation of cach follows.
1. Baseline building, as-built. A baseline building simulation was run

on the existing building: energy consumed for heating was shown to be the pre-
dominant energy problem., The cooling load, by comparison, was shown to be
quite small, The Building Boundary Energy Index was calculated at 55,800 Btu
per gross square foot of floor area on an dnnuat basis. This indicates that
the building is very energy efficient and therefore difficult to retrofit with
energy conservation features in a cost-effective manner,

2, Reinstate economizer operation for cadet stores. An econ mizer cycle
providing free ventilative cocling was simulated in lieu of closed fresh air
dampers associated with the multizone air-handling system supporting the cadet

stores., These dampers were set by maintenance personnel to close when the
cutdoor temperature dropped below 60°F.

3, Zone thermnstats for basehoard heaters. This option involves the
control of the thermal output of the bhaseboard heaters by individual zone
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TAELE A-VI]

ENERGY CONSERVATION OTTIONS
VANDENBERG HAL.L

Building Boundary

Heating Energy Cooling Enerqy E1ectrgc Energy Energy Index
Opt ion (106 gt u) _ (105 Bry) (106 Btu) (03 pru/fes-yr)
1, Baseline, as-built 27,871 983 13,553 55.8
2. Reinstate economizer 27,874 915 13,521 55.7
3. lone thermostats for 26,024 983 13,404 53,72
baseboard heaters
4. Tunne' preheat of 25,854 984 13,531 53.1
ventylation air
5. Reinstate radiant heating 28,092 933 13,067 56.4
6. Run-around heat recovery 14,193 983 13,382 37.6
loop
7. Minimize ventilation rate- 18,787 984 13,465 4.7
8. lmprove fan/motor 27,671 9R3 12,237 54,1
eff ciencies
9, Night insulation on 27,388 994 13,837 6.2
windows
10. Improve wall and roof 27,678 999 13,550 55.6
insulation
11. Combine options 6 and 7 12,392 94 13,371 35.2
12. Combinc options 6, 7, 12,392 984 12,063 33.5
and B
13. Comhine options 6, 7, 12,398 915 12,021 3.3
B, and 2
14, Combine options 6, 7 11,393 915 11,494 1.8
8, 2, and 3
TABLE A-VII
SOLAR OPTIONS
VANDENBERG HALL
Building Roundary
Nnatlgn Lneryy Cnnllgq Cnergy Electric Enerqy [qorgy Index
oo DOption 108 ) (107 pre) {107 Btu) (107 Btu/fte-yr)
1, Baseline, as.-built 27,871 983 13,553 55.8
?. Solar domestic hot 74,050 1) 11,636 53.4

waler system



thermostats instead of the outdoor temperature reset control now installad.
This strategy eliminates che overheating that often occurs with reset control,
4, Tunnel preheat of ventilation air. This simulation assumed that tne

builuing was pressurized to eliminate infiltration. Such a feature could be
implemented by drawing in air from the adjacent high-temperature hot water
utility tunnel and delivering 70°F air to the space. Hence, infiltration would
be displaced by ventilation air preheated by the thermal losses of the high-
temnerature water piping within the utility tunnel system.

5. Reinstate radiant heating. The assembly areas were previously

heated by a radiant floor panel system that has been rendered inoperative,
This option involved turning uft the heating and ventilation units that now
serve these areas and reviving the floor panel system. Fan power savings are
realized but higher thermal losses offset some of these gains.

6. Run-around heat recovery loop. A run-around heat recovery system

was simulated operating at an overall effectiveness of 75%. This option
assumes that heat from the exhaust of ventilation air from the CENTRAL system
is recovered and used to preheat the makeup air. This option yields the
largest uncoupled energy savings of any considered.

7. Minimize ventilation rates. The vientilation rate for the CENTRAL

system was reduced from 108,460 cfm to 50,812 cfm. Acceptable air quality can
still be maintained even at the lower rates. This option will most likely
yield the largest energy savings for the lowest capital expenditure,

8. Improve fan/motor efficiencies. Fan power savings were realized by

assuming that a 50% savings in fan/motor energy could be realistically achieved
by installing new fans and motors.
9. Night insulation on windows. This simulation assumed that R-9

insulation was applied to every window of the building at night to ininimize
heat loss. This strategy was mistakenly applied to both the summer and winter
periods and the results show the consequential rise in cooling energy require-
ments. However, only a small amount of heating energy is saved, so this option
was not rerun.

10. Improve wall, floor, and roof insulation. We simulated the install-
ation of an additinnal R-3 of insulation on roof and floors of this building,
The thermal resistance of the exterior walls was improved fromR = 7 to R « 4.
The addition of insulation results in only insignificant reduction of heat loss
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in both the winter and summar, Although there i some heating envrgy perform-
ance improvement, there is also a cooling penalty to be paid.

11. Combine options & and 7. This option involves the inctailation of

a run-around heat recovery system in dddition to the reduction of the veniLila-
tion rate for the CENTRAL system. Significant thermal energy savinge are
realized by this combination,

12. Combine options 6, 7, and 8. The thermal energy savings features of

the previous option are combined with improved fan/motor efficiency to yield
both thermal and electrical energy savings.
13. Combine optiont 6, 7, 8, and 2. The thermal and electrical energy

savings features of the previous option are combined with the reinstatcment of
the economizer cycle for the cadet stores.
14, Combine options 6, 7, 8, 2, and 3. Option 13 is combined with

thermostatic control of the baseboard heaters for only slight performance
improvement and relatively large first cost.
B. Solar Opportunities (ECOs)

Table A-VII compares the energy consumed by the baseline building to the

energy consumed by the same building with a solar collector system of 40,000 ft2

of collector providing 80%. of the DHW energy requirements. Solar OHW systems
generally cost about SSO/ft2 of collector installed and cannot be justified
unless fuel prices increase significantly.

IV, SUMMARY OF PERFORMANCE RESULTS - FIELD HOUSE
Six ECO candidates were analyzed for the Field House; five of these were
conservation modifications and one was an active solar retrofit,

Conservation
Option Lescription
2 Pressurize building”with preheated air
3 Reduce thermostat set points in two zones
4 Add insulation to building roof
5 Combine options 2 and 3
6 Combirie options 2, 3, and 4
Solar Option L Description
2 Active solar DHW retrof it
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The results of the computer analysis of these options are shown in
Tables A-VIII and A-IX. The individual options are discusserd below.
A. Energy Conservation Opportunities (ECOs)

From the results of the energy survey and the DOE-2.l simulation, an
initiai list of potential ECOs was compiled for the Field House. The ten
potential ECOs for the Field House are as follows.

(1) Passive solar Trombe wall on south side to preheat outside air.

(2) Addition of insulation to roof of building.*

(3) Addition of insulation to walls of building.

t4) Reduction of lighting levels by the use of daylighting techniques
(skylights).

(5) Reduction of building thermostat set points (to 62°F).*

(6) Active solar retrofit for the DHW load.*

(7) Exhaust fan heat recovery loop.

(8) Pressurize the building with prewarmed air to offset infiltration
losses.*

(9) Recirculate warm air from the top of the high bays to the floor level,

(10) Waste heat recovery from the ice rink chiller to heat domestic hot water,

Qutside air is brought into the building only during athletic and other
events, and these occur most often at night. At these times, the amount of
outside air required is so large as to make the contribution from a Trombe
wall insignificant (< 10%).

The heating load caused by conduction through the walls was less than
the load caused by conduction through the roof. It was decided to analyze the
effect of adding roof insulation first, and if that turned out to be economi-
cally feasible, to then consider additional wall insulation,

If daylighting techniques are to be attempted for this building, they
must be in the form of skylights through the roof, as any wall penetration
would damage the architectural integrity of the building. Because of the
height of the roof above the occupied space and the number of ceiling-level
obstructions, there 1s insufficient light available through the use of

*ECOs selected for further scudy.
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TABLE A-Vill

ENERGY CONSERVATION OPTIONS
FIZLD HOUSE

Buila.ng Boundary

Heating Enerqy Cooling Energy E1ectrgc Energy Egergy ingex
Option 1106 Btu) (108 e (1nf gry (10° Rtulet’_yr)
Baseline 15,078 0 6,928 89.4
Pressurize building 7,698 0 6,928 69.4
Reduce thermostat setting 12,432 0 €,657 e
Add roof insulation 14,045 0 6,855 B3,G
5. Combine options 2 and 3 6,129 0 6,769 62,4
6. Combine options 2, 3, 5,243 0 6,669 4% .5
and 4
TAB_E A-IX
SOLAR OPTIONS
FIELD HOUSE
Building Boundary
Heatigg Energy Cooljng Energy Eloctrgc Energy Energy Ingex
Opt fon (106 gru) 00 By __t10f e (107 Brurft’yry
Baseline 15,078 0 6,928 89.4
Solar domestic hot 14,678 n 7,017 88.2

water system (5000 ft"
collector area)



skylights to economically offset the daytime lighting energy. Tne huilding
has already undergone two delampings and is currently operating at a very
efficient lighting level.

8ecause the exhaust fan:z are running only when the building is 10 a
ventilation mode and does not require additional heat, a heat recovery loop on
the exhaust fans is not practical. The installation of fans to destratify air
in the zones is also unnecessary because the building normally operates in a
fully mixed 1004 recirculatior mode.

Water leaves the condenser of the ice rink chiller at approximately 68°F,
too low a temperature to preheat domestic hot water. Table A-VIII is a com-
parison of the energy conservation options considered for further study and the
2xpected energy consumption of each. An explanation of each option follows.

1. Baseline building, as-built. A baseline building simulation was run

on the existing building, anc energy loss caused by infiltration was shown to
be the largest component of the building energy consumed for heating. The
Building Boundary Energy Index was calculated at 89,438 Btu per gross square
foot of floor area on an annual basis. This high number results from the very
large volume of the building in comparison with its floor area.

2. Pressurize building with preheated air, The building was simulated

assuming a supply of preheated outside air that would offset 60% of the

infiltration iosses. The air would be preheated by being drawn through the
high-temperature hot water utility tunnei adjacent to the building. Heat
recovery equipment including exchangers, fans, and ductwork would be installed
to allow the existing air-handling equipment in each of the zones to distribute
this preheated air.

Calculations were made assuming a 350°F water temperature, two 6-in.-diam
pipes per utility tunnel, 1-1/2 in. of insulation on the pipes, and a maximum
of 10 mph air flow in the tunnels. Using these assumptions and a 70 degree
day base, it was estimated that approximately 4000 linear feet of tunnel! would
he required to obtain the necessary amount of preheat. The high energy savings
and economic payback for this ECO make it an attractive retrofit project.

It has been learned that subsequent to this study, the Air Force Academy
comnleted a retrofit project to install an additional 2 in. of fiber glass to
the water pipes in the utility tunnel adjacent to the Field House. The reduced
heat loss available for recovery would increase the length of utility tunnal
required to 13,400 linear feet.
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3. Reduce thermostat set points in two zones. Radjuction of tnerincntal

set points in the baskethall stadium and the multipurpose/track fazility from
70 and 65°F, respectivelv, to the set point currently maintained in tne nackay
rink (627" was simulated. This 35 @ nou-cost option and ic recommended for
immediate trial implementation to determine if tne 62°F temperature proposed
does not cause discomfort to the building's occupants,

4, Add insulation to building roof. The addition of 4 in. of in-

sulation tn the roof of the building was simulated. This option reduced only
the heating energy loss caused by conduction through the roof, which was a
minor contributor to the total building loss. This is an expensive option
with relatively low energy savings.

5. Combine op:ions 2 and 3. The thermal energy savings of providing

preheated air to offset infiltration losses was combined with a reduction in
thermostat set points to yield both thermal and electrical energy savings.

6. Combine options 2, 3, and 4. Option 5 is combined with the addition

of roof insulation for additional thermal and electrical energy savings.
B. Solar Opportunities (ECNs)
Table A-1X compares the energy consumed by the baseline building with the

energy consumed by the same building with a 5000 ft2 active solar collector
system providing 777 of the DHW energy requirements. Solar DHW systems qener-
ally cost about 850/ft2 of collector installed and are therefore too expen-
sive for the energy csaved to be economically justifiable.

V. SUMMARY GOF PERFQRMANCE RESULTS - AERONAUTICS LABORATORY
Cleven ECO candidates were analyzed for the Aeronautics Laboratory; six
of these involved conservation modifications and five involved solar modifica-

tions.
Conservation
Option Description L
3 Seasonal heating and cooling
4 Night setback in lobbies
5 Demand control
6 Fvaporative cooling
7 Combine options 3 and 5
8 Combine options 3, 5, and 6



Solar QOption Description

Daylignhting

Trombe wall

Sunsnaces for the test cell class rooms
Active solar heating system

Solar domestic hot water heater

oy U H WMo

The results of the computer analysis of these options are tabulated
in Tables A-X and A-XI. The individual options are discussed below.
A. Energy Conservation Opportunities (ECOS)
Table A-X is a comparison of the energy conservation options considered

and the expected energy consumption of each. An explanation of each option is
included below.
1. Baseline huilding, as designed. A baseline building simulation was

run on the existing buildirg using information obtained from drawings and a
site visit. Results of this simulation and the site visit indicated a severe
overheating problem in the room with the subsonic wind tunnel. This over-
heating was resulting in overcooling of other areas in the building as the
heating and cooling systems attempt to keep that single room under control.
2. Adjusted baseline building. The baseline building from (1) above

was rerun to incorporate all of the operational changes that could be made in
this building at no capital cost to the Air Force, Furthermore, the installa-
tion of a separate air conditioning system in support of the subsonic wind
tunnel area is assumed in this simulation t~ create a climate conducive to
education. Increasing the size of the multizone system currently supporting
this area will not correct the overheating problem in this room because the
existing cooling coil, fan, motor, and ductwork are not adequate to handle the
required increased air flow. This adjusted baseline was used for comparison
of all other options because it represents the actual required enerqy
consumption for the existing confiquration,

This simulation assumes that the thermostats in the Shop, Combustion,
Trisonic, and Lobby-1 areas are adjusted to control the temperature within
these spaces between 68 and 78°F; that is, controlling over a 10°F throttling
range during the day. At night, the multizone fan supporting these zones is
shut off, but cycles on 4as needed to keep the temperature in these spaces above
60°F. The fan operation remains unchanged from the baseline simulations,
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TARLT A-YX

ENZRGY CONSLLVATION OPTION
ATRONAUTIZT CARMRATOZY

Building Boundary

HeatiRg Energy Conh’gg Energy [leclrgc Energy E[‘Iergy Ingex
Option 0% pew) 192 Bru) (10" Bt} 1107 Rtu/fts.yr)
Baseline, as designed 1176 590 2430 167.0
Adjusted baseline 992 554 7633 1743
Seasona’ heating and 8as 457 2625 hild
cooling
Night sethack 1n 356 548 2636 1h4.8
fobbres
Demand control 758 511 2634 158%.3
Cvaporative cooling 1540 148 2624 171.6
Comuine options 3 and S 648 462 027 150.7
Comhine aptions 3, 5, 698 0 2592 130.9
and 6
TABLL A-X]
SOLAR OPTIONS
AFRONAUTICS LARDRATORY
Building Boundary
Heating Encrgy Conling fnrrgy Clectriz Energy Energy Ingex
(gt fon J0fmay ety o D ef e (o erarer”.yr)

Adjusted baseline 992 54h4 7633 166,3

2. Dayhighting 1059 R46 7489 16,9
Trombe wall 887 L?? 618 160,13
Sunspace for tert cell 959 %55 2632 16,0
class rooms
Active solar heating 2o 554 2648 138.2
Solar DHW, 120 ft2, 992 554 2621 165.9

215 qal,
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but the temperature control was originalily designed to maintaiv 7077 during
the day and 60°F at night. These thermostats are currently set at 65°F during
the day and 60°F at night.

The thermostat control of temperature in tne tost cell clasnrooms e,
adjusted to the same operation speci’ied for the Shop, Combustion, Trisonic,
and Lobby-1 areas. Historically, the test cell classrooms were maintained at
72.5 # 2,5°F during the day and 62.5 * 2.5°F at night and are currently set at
68“F during the dav and 60°F at night. The fan operation remains unchanged.

In this simulation, the subsonic area is uncoupled from the multizone
fan system currently supporting it and the Shop, Combustion, Trisonic, and
Lobby-1 areas. The Subsonic room is heated when the temperature drops below
68°F in the day and 60°F at night. Cooling is provided when the temperature
exceeds 78°F; a two position thermostat with a 10°F deadband is assumed to
maintain this control. A single zone heating and cooling system continuously
delivers 35,000 cfm of air during the day: at night the fan is shut off but
cycles on automatically to keep the space above 60°F.

Finally, the hot and cold deck temperatures for the multizone system aie
adjusted from 120 to 100°F for heating and from 54 to #4°F for cooling. Our
simulations show that thermal comfort is not reduced by this adjustment and
that energy waste is avoided by not mixing air that is too hnt with air that
is too cold.

3. Seasonal heating and cooling. The option automatically shuts down

the heating system whenever the outdoor temperature exceeds a certain setpoint
(say 60°F) and starts the cooling system. Conversely, the opposite occurs
when the temperature drops below that sctpoint; that is, the heating system is
initiated and the cooling system is shut down, This can be accomplished by
interlocking the electric power supplied to the hot water pumps P-1 and P -2
with an outdoor temperature sensec», The cooling system must be controlled
with a pneumatically operated isolation valve also interlocked with the outdoor
trmperature sensor. This option eliminates simultaneous heating and conling
in the multizone system S1 without reducing occupant comfort.

4. Night sethack in the lobbies. Two unit heaters support the lobbies

on the first and second floor of this building., Fach is seot to mcintain a
continuous 68°F temperature within the space. These unit heaters were setback
to 60°F at night in the simulation. Although energy is saved by this setback,
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tne maximum investmant allowable 1o only £3,600: consequently, thic aptior i
not recomnanded for implemontation,

5, Demand contral. Thic option nvolver adoastine Yhe temperatur. of

the: hot and cold dack coils of Lthe central multizone eysten,  Tnic tomperatyr.
adjustment is done by a comparison of the temperature of each zone in the ays-
tem. The temperature of the hot deck will be adjusted to just meet the re-
quirements of the coldest zone and the cold deck tewmperature will be adjusted
to just meet the requirements of the warmest zone. This strateqy can result
in an energy savings if either coil set anint is no*t ai an opti:num temperature
or if the optimum temperature changes.

Implementation would require installatior of a comparitor microprocessor
to compare the zone temperatures and to control the existing coil valves.
These temperatures are already transmitted to the mechanical room for usc in
modulating the zone dampers.

This strategy would involve a relatively low investment and results in a
247 savings in heating energy and a 1¥ savings in conling enerqv, representing
the greatest savings of any single option considered,

6. Direct evaporative cooling. This optinn involves installation of an

evaporative coonler in the Subsonic Wind Tunnel Room and addition of an air
wasier to the main S1 system in the Mechanical Room.

Evaporative cooling in these two area reduces the mechanical cooling
requirements bhut, because of the uncontrolled cooling output of the evaporative
cooling systems, the heating is increased, A two-speed fan for both evapora-
Live systems would reduce the heating requirement,

7. Combine options 3 and 5. This option combines scasonal heating and

cooling and demand control of the multizone system S1. Sce (3) and (%) above.
8. Combine options 3, 5, and 6. This option combines seasonal heating

and cooling, demand ~ontrol of system S1, and evaporative cooling in system S1
and the Subsonic Wind Tunnel Room, Sece (3), (5), and (6) above.

This combination is particularly advantageous hecause it prevents the
heating system from tempering the uncontrolled output of the evaporative
cooling systems., FEvaporative cooling is assumed to operate only after the
heating system is turned off. The installation of a two- or three-speed fan
could reduce the overcooling that occurs during the spring and fall,
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This combined strategy results in the largest energy saving of any of
the options or combination of options analyzed. Furthermore, this strategy
allows the building to be completely severed from the cooling water supplied
from Fairchild Hall, The ventilative and evaporative resource at thie site i
sufficient to meet the cooling requirements of the Aeronautics Labo'atory.

B. Solar Opportunities (ECOs)
Table A-XI is a comparison of the solar options considered. The table

includes the expected energy consumption of the building when retrofitted with
each option. An explanation of each option is included below.
1. Adjusted baseline., See explanation under Item 2 of the Energy

Conservation QOpportunities.
2. Daylighting. Lighting levels were reduced to 1.¢ watts/ft2 to

assess the potential daylighting savings; this action would involve installa-
tion of windows or skylights. This option only slightly decreases the cooling
and electrical energy consumption and slightly increases the heating enerqgy
requirements. Because implementation of this option would require major
architectural changes and result in very littie savings, it i3 not recommended
as a candidate ECO.

3. Trombe wall., An unvented Trombe wali was modeled in the2 existing

south facing walls of the lower and upper level lobbies, shops, c¢lassroom,
storage, and trisonic rooms. The Trombe wall was assumed to be constructed of
double pane glass and the walls were painted flat black. The glaring was as-
sumed to be shaded during the summer,

2 of Trombe wall simu-

The amount of energy displaced by the 4,362 ft
lated would not justify an investment of more than $4.00 per square foot of
glazing. Therefore, this nption is not recommended as a candidate ECO,

4. Sunspace for the test cell classrooms. The entry ways to the test

cell classrooms were converted into sunspaces by eliminating the exterior
concrete walls in front of the test cell classrooms and replacing them with
double-glazed patio doors and applying R-9 insulation at night,

The amount of energy displaced by the 637 ft2 of vertical glazing
simulated would not justify an investment of more than $5.25 per square foot
of glazing. Therefore, this option is not recommended as a candidate ECO.

5. Active solar heating system. An active solar water heating system

was added assuming that all of the hot water coils in the conventional heating
system would be replaced by larger coils delivering their rated output with
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solar heated water supplied at 1?C°F. The solar system consiste of approxi-
mately 6,000 ft? of single-qlazed, selective-surface, 7lat-plate collectors,
and a 10,800-gal. storagz tank.

This option can supply aw much of the space heating necd: of the bu'ld-
ing as desired by adjusting the size of the collectors and storage tank, The
6,000 ft?
space heating requirements of the building with only a slight increase in elec-

of collectors with 10,600 gal. of storage would provide 73" of the

trical eneigy consumption. However, the cost of implementing this option would
more than exceed the economic benefit of the fuel savings over the assumed
25-year economic life of the solar collecting system.

6. Solar OHW heater. A solar DHW heater was added to the adjusted
baseline to supplement the electric DHW heaters. A very minor decrease in

electrical consumption was achieved as the DHW load i5 a very small part of
the load. This option i5 not recommended as a candidate ECOQ.

VI.  BASELINE COMPUTER MODEL LISTINGS

The baseline computer input for Vandenberg Hall, the Field touse, and
the Acronautics Laboratory is attached as pages 42-81,
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t=129p 2
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LG

.0'0000...0..'.'.0'0.'0...'00.000......l'..'....'.tl...'

WSO NAWN

..'.'...‘..Q.Q..'l.l....'...0'..l..l....""...'.'..l!.'

LDtL PROCESSOR INPUT DATA
82/09/29. 08:40:25. LDL RUN 1

DIAGrOSTIC CAUIIONS ..
ABCRT ERRORS _ .
$ BASELINE BUILDING §
TITLE=LIMNE-1=eyS AIR FORCE ACADEMYs

LINE -2=+COLORADO SFRINGS®

LIMNE-3=+F1ELD HOUSE EC STUDYe

LINE-4veB. DAVIS/WX-4/LANLe __
RUN-PERIOD JAN 1 1978 THRU DEC 31 1978 ..

BUILDING-LOCATICN
LATITUDE =35

LONGITUDE=10S ALTITUDE=7065

TIME-ZONE=7 AZIMJTH=0 ..

BUILDING-SHADE
HE IGHT =450

Z=59.9 AZ=180 TILY

LAWI=LAYERS
LAW2=LAYERS

LAWI=LAYERS

LARI=LAYERS
CW1=CONSTRUCTION LA=LAW?
CW2=-CONSTRUCT [ON LA=LAW2
CW3I=CONSTRUCTICN LA=LAW3
CR1=CONSTRUCTION LA=LAR?®
CUW=CONSTRUCTION U=_10 .
CUF=CONSTRUCTION U=_10 .
CIWi=COMSTRUCTION U=_32 .
CIW2=CONSTRUCTION U=2_.0 .
GLT=GLASS-TYPE PANES=1

WIDTH=420 X=-12

=0 ..

MATERIAL=(CC2S.IN23)
MATERIAL=(CCOT_ IN23)
MATERIAL=(CCO7.GPO3)

ABS=-_65
ABS=_€5
A3S=_€5
ABS=_2S
G-T-C=7

$ LIGHTING SCHEDULE $

Y=-12

RO=3
RO=3
R0=3
RO=1

MATERIAL=(RGO! . BPO1 _BRO1 IN7S IN22)

LS1=SCHEDULE THRU MAY 20 (ALL)(+.S)(_1)(6,21)(.2)(22 24)(

THRU SEP 1

$ PEOPLE SCHEDULES $

$ BASKETBALL STADIUM $

(ALL)(1.5)(.1)(6, 21 S)(22.24)( . 1)
THRU DEC 31 (ALL)(1,.S)(.1)(6.273(.9)(22,24)(_1)

WBS t=WEEK-SCHEDULE (MON THU)( 1 18)(0)(19.22)(.6)(23 243)(0)

WBS2=WEEK-SCHEDULE

{FRI){ 1
{WEH)( 1

(MON)Y( 1

.24)(0)
.24)(0) .

.24}(0)

(TUE . WED)(1.12)(0) (19 _22)¥( _61(23.24)(0)
(THU _FRI)( ¢, ,24)(0)

(WEH( ¢

.24)(0) .
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60 * THRU NOV 1 W8BS2 »
61 » THRU DEC 31 wBSH1 .. L
62 = $ HOCKEY ARENA $

63 =

64 = WHSI>WEEK-SCHEDULE (MON_ THU)(1.24)(0)

55 o (FRI.SUN)(1.18)(0)(19.22)(.6)(23.24)(0)
66 * (HOL)(1.24)(0) ..

67 =

68 * WHS2=WEEK-SCHEDULE (MON. THU)(1.24)(0)

69 - (FRI.SAT)(1.18)(0)(19.20)(.6)(21_.24)(0)
70 - (SUN_HOL)(1.24)(0) ..

T -

72 ¢ HS1>SCHEDULE THRU FEB 20 WHSH

73 . THRU NOV 1 WHS2

74 » TrRU DEC 31 WHSS ..

75

76 * $ MULTI-PURPOSE AREA $

77 »

78 » WWPSI=WEEK-SCHEDULE (WD)(1,24)(0)

79 = (WEN(1,12)(0)(13.18)(.6)(19.2¢)(0)
80 o (HOL)(1.24)(0O) ..

Bt

82 = WMPS2=WEEK-SCHEDULE (wD)(1.24)(0)

B3 o (SAT)(1,.12)(0)(13,.16)(.6)(17,.24)(0)
84 = (SUN_ HOL)(1.24)(0) ..

BS e

86 * MPSI=SCHEDULE THPU FEB 20 WWPS1

B7 o THRU NOV 1 WMPS2

88 o THRU DEC 31 WWPS1 _.

B9 o

90 - $ SOURCE SCHEDULE - HOCKEY $

91 =

92 » RINK1=SCHEDULE THRU DEC 3% (ALL) (1.24) (1) ..

93 «

94 »

95 » $ SPACE CONDITIONS $

96 »

97 « SCBBALL=SPACE-CONDITIONS

ag » T={68) P-SCH=BS1 N-0-P=6000 P-H-G=450

93 - L-SCH=LS1 L-T=INCAND L-KW=107.42

100 = I-M=AIR-CHANGE A-C=.58 Z-TYPE=CONDITIONED
101 =

102 = SCHOCKEY=SPACE-CONDITIONS

103 « Te(68) P-SCH=HS1 N-0-P=4400 P-H-G=450

104 L-SCH=LS1 L-T=INCAND L-KwW=74.4

105 =« SOURCE - SCHEDULE*RIMNK T SOURCE-BTU/HR=- 154700
106 » I-M=zAIR-CHANGE A-C=.58 Z-TYPE=CONDITIONED ..
107

108 » SCWP=SPACE-CONDITIONS

109 = T=(68) P-SCH=MPSt N-0-P=1200 P-H-G=450

110 » L-SCH=LS1 L-T=INCAND L-KwW=137.52

111 » I-M=AIR-CHANGE A-C=.S8 2Z-TYPE=-CONDITIONED ..
112 =

113 » $ BASKEVBALL STADIUM - WALLS.ROOF .FLOOR $
114 =

115 » ODIAGNOSTIC NO-LIMITS ..

116 »

117 o BASKETBALL=SPACE

118 X=0 Y=O 7-=0 AZIMUTH=0 AREA=47124

119 » VOLUME=2780316 SPACE-CONOITIONS=SCFBALL

-CAUTIOM--~~-=---------=~---=- SFEZEBE e mmmeem e - e e e emo o= o-—eeaeo_o-



* 120 »

* 121 ¢ B-SWI=EXTERIOR-WALL

* 122 - CONSTRUCTION=CW3 X=0 VY=0 2Z=0 HEIGHT=13.2

e 123 - WIDTH=198 AZIMUTH=180 TILT=90 _.

v 124

* 125 + B-SW2=EXTERIOR-WALL

* 126 CONSTRUCTION=CW? X=0 Y¥=0 2Z2=13.2 HEIJGHT=38.8

e 127 o WIDTH=198 AZIMJTH=1BO TILT=90 _.

* 128 o

® 123 » B-SG 1 =W INDOW

* 130 » GLASS-TYPE=GLY X=0 Y=0

* 131 = HEIGHT=7_25 WIDTH=158 __

e 132 =

* 133 » B-SG2=wINDOW

- 134 - GLASS-TYPE=GLY »=158 VY=0

* 135 ¢ HEIGHT=38.8 WIDTH=40 ..

s ({36

e 137 ¢ B-SWISEXTERIOR-WALY

e 138 CONSTRUCTION=CW1 X=0 Y=0 2=52.0 HEIGHTI=8B

* 139 ~ WIDTH=198 AZIMUTH=180 TILT=90 __

o 180 o

e 2 =+ B-WYISEXTERIOR-WALL

o 142 CONSTRUCTION=CW3 X=0 VY=238 Z=0 HEIGHTI=13.2

e 143 o WIDTH=238 AZIMUTH=270 TILT=90 ..

e 144 =

* 145 » B-WW2<EXTERIOR-VWALL

* 146 * CONSTRUCTION=CWS X=C ¥=238 Z=13.2 HEIGHT=38.8

e 147 o WIDTH=238 AZIMUTH=27G TILT=90 ..

o 148

e 149 + B-WWI=EXTERIOR-WALL

* 1S5S0 CONSTRUCTION=CWS X=0 V=238 2Z2=52.0 HEIGHT=8

* 151 o WIDTH=238 AZIMUYTH=270 TILY=9Q ..

o 152 »

* 153 ¢ B-RI=ROCF

* 154 » CONSTRUCTION-CR1 X=0 Y=0 2Z=60.0 HEIGHT>233

e 155 WIDTH=198 AZIMUTH=18C TILT=0 ..

* §56 =

* 157 o B-UI*UNDERGRCUND-FLOOR

e 158 o AREA=47124 CONSTRUCTION=CUF ..

e 159 o

e 16D $ HO_<EY ARENA - WALLS.POQF . FLOOR $

e 161 »

* 162 * HOTKcY=SPACE

« 163 » X=+938 VY=0 Z=Q0 AZIMUTH=-0O ARFA=4T7124

> 164 » VOLUME=2780316 SPACE-CONDITIONS=SCHCCKEY ..
‘C‘l"lm ---------------- WELTTEER = - w e e m et e m e -, .- .m - " e wamame .~ ® - %~ me.m—.-+Y - ==
-CAUTION--- VALUE GREATER THAN MAXIMUM OF . YO0OE +07

o 165 »

e 166 » H-SWIsEXTERIOR-WALL

* 167 » CONSTRUCTION=CW3 X=0 =0 Z-0 HEIGHT=13.2

* 168 » WIDTH=198 AZIWUTH=180 TIiT=90 ..

e {69

e 170 ¢ H-SW2=EXTERIOR-WALL

e {71 » CONSTRUCTION-CWY X=0 Y=0 2=°3.2 HE€IGHT=38.8

e 172 - WIDTH=198 AZIMUTH=180 TYILT=20

+ 173

e 174 » H-SG1=WINDOW

« 175 = GLASS-TYPE=GLY X=0 ¥=0

* 176 »* HEIGHT=38.8 WIDTH=40 ..

s 177 »

e 178 = H-SG2=WwINDOW

» 179 o GLASS-TYPE=GLY X=40 Y-O

* 180 * HEIGHT=7 .35 WIDTH=158 ..

s 188



CUNID I RUL I IUNTLEY  ATQ Y0 Z=52.0 HEIGHT=8

T

* 184 o WIDIH=198 AZIMUTH=180 TILT=S0 .. '
s 185
* 186 »* H-EWI=EXTERIOR-WALL
* 187 o CONSTRUCTION=CW3 X=198 VY=0 Z2=0 HEIGHT=13.2
. 188 WIDTH=238 AZIMUTH=90 TILT=90 ..
e 189 »
* 190 ¢ H-EW2=EXTERIOR-WALL
s 191 = CONSTRUCTION=CW1 X=198 Y=0 2=13.2 HEIGHT=38.8
* 192 = WIDTH=238 AZIMUTH=90 TILT=90 .. *
* 193 =
* 194 » H-EW3I=EXTERIOR-WALL
* 195 o CONSTRUCTION=CW! X=198 VY=0 2=52.0 HEIGHT=8
* 196 » WIDTH=238 AZIMUTH=90 TI1T=90 ..
* 197
* 198 » H-R{1=ROGF
* 199 = CONSTRUCTION=CRt X=Q Y=0 Z=60.0 HEIGHT=238
* 200 = WIDTH=198 AZIMUTH=180 TILT=0 ..
* 201 o
* 202 * H-U1=UNDERGROUND-FLOOR
*« 203 » AREA=47124 CONSTRUCTION=CUF ..
* 204 =
* 205 ¢ H-IVI=INTERIOR-WALL
* 206 AREA=11140 CONSTRUCTION=CIW2 NEXT-TO=BASKETBALL
* 207 o
* 208 = $ MULTI-PURPOSE AREA - WALLS.ROOF_.FLOOR §
* 209 o
* 210 = MULTI-PURPOSE=SPACE
* 211 = X=0Q Y=238 Z=0 AZIMUTH=0 AREA=74448
* 212 » VOLUME=5732486 SPACE-CONDITIONS=5CMP
-CAUTION---“----ceccmem = o = TETZTTZIT mr e e e e meme e e me e e e e e et cm e ce st e e e e ————
-CAUTION--- VALUE GREATER THAN MAXIMUM OF - 1000E +07
* 213 =
o * 214 + MP-NWI=EXTERIOR-WALL
[} * 215 - CONSTRUCTION=CW2 Y -396 Y=4%88 Z=0 HEIGHT=13.2
* 216 » WIDTH=396 AZIMUTH=0 TILT=90 ..
* 217
* 218 * MP-NW2=EXTERIOR-WALL
* 219 » CONSTRUCTION=CW1 X=396 VY=188 2=13.2 HEIGHI=38.8
* 220 WIDTH=396 AZIMUTH=0 TILT=90 ..
. 221
* 222 s MP-NW3I=EXTERIOR-wWALL
* 223 = CONSTRUCTION=CW! X=396 Y=188 2=52.0 HEIGHT=8
* 224 ¢ WIDTH=396 AZIMUTH=0 TILT=90 ..
* 225 o
* 226 ¢ MP-WWI=EATERIOR-wWALL
* 227 = CONSTRUCTION=CW2 X=0 VY=188 2=0 HEIGHT=13.2
* 228 - WIOTH=188 AZIMUTH=270 TILT=90 ..
* 229
* 230 * MP-WW2=EXTERIOR-WALL
* 231 = CONSTRUCTION=CW1 X=0 V=188 2Z=13.2 HEIGHTI=38.8
* 232 = WIDTH=188 AZIMUTH=270 TILT=90 ..
« 233 =
* 234 *» MP-WW3IEXTERIOR-WALL
* 23S - CONSTRUCTION=CW1 X=0 Y=188 2=52.0 HEIGHTI-=8
* 236 » WIDTH=188 AZIMUTH=270 TILT=90
* 237 »
* 238 *+ MP-EWI=EXTERIOR-WALL
= 239 » CONSTRUCTION=CW2 X=396 Y=0 2=0 HEIGHT=13.2
* 240 = WIDTH=188 AZIMUTH=90 TILT=90 ..
e 241 =
¢ 242 * MP-EW2SEXTERIOR-WALL
* 243 » CONSTRUCTION=CW1 X=396 Y=0 Z=*13.2 HFIGHT=38.8



L9

244
245
246
247
248
249
250
251
252
253
254

256
257
258
259
260
261
262
263
264
265
265
267
268
263
270
271
272
273

[ IO IO TN BN JEN NEN NN NEN BEN TN BN BN NN NN JNE NN BN NN NN NN BEN RN NN NEN BEN NN BN B NN )

WIDTH=188 AZIMYTH=90 TILT=90

P -EWI-EXTERIOR-WALL

CONSTRUCTION=CW

X=396 VY=O0 Z2=52.0 MHEIGHT=8B

WIDT4=188 AZIMUTH=90 TILT=90

MP-R t=RO0OF

MP-U 1 =UNDERGROUND -FLOOR

CONSTRUCTION=CR1

X=0 Y=0 Z-60.0 HEIGHT=188

WIDTH=396 AZIMJTH=180 TILT=O ..

AREA=74448B CONSTRUCTION=CUF

MP-]wWi=INTERIOR-WALL
AREA=11880 CONSTRUCTION=CIWI NEXT-TO=BASKETBALL

MP-IW2=INTERICR-WALL
AREA=11880 CONSTRUCTION=CIW! NEXT-TO-HOCKEY

LOADS-REFORT
VERIFICATION=(ALL-VERIFICATION)
SUMMARY={ ALL - SUMMARY )

HW 1=SCHEDULE THRU DEC 31 (ALL)(1.24)(1}

BUILDING-RESOURCE

END

HW - SCHEDULE ~HW {

HOT-WATER=65000



L K N BN ]

274
275
276
2717

COMPUTE LOADS

INPUT SYSTEMS ..
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325
326
327
328
329
330
IN
332
333

SDL PROCESSDOR Farur DATA

82/09/29. OB:40:25. SDL RUN 1

$ SCHEDULES $

BB-HB=SCHEDULE “HRU DEC 31 (ALL) (1.24) (70)

BB -MASW 1=WEEK-SCHEDULE (MOM_THU)(1.18)(0)(19.22)(1)(23.24)1C;
(FRI)(1.24)(0)
(WEH)(1.24)(0)

BB-MASW2sWEEK-SCHEDULE (MON)(1,24)(0)
(TUE . WED)(1.18)(0)(19,22)(1)¢(23.24)(0)
(THU FRI)(1.24)(0)
(WEH)(1.24)(0)

BB8-MAS=SCHEDULE THRU FEB 20 BB-MASWI
THRU NOV 1 BB-MASW2
THRU DEC 31 BB-MASW1

H-HTS=SCHEDULE THRU DEC 31 (ALL)(1.24)(62)

H-MASW i1sWEEK-SCHEDULE (MON_THU)(1.24)(0)
(FRI_SUN)(1,18)(0)(19,.22)(11(23.24)(0)
(HOL)(1.24)(0)

H-MASW2=WEEK-SCHEDULE (MON_THU}(1.24)(0)
(FRI.SAT)(1.18)(0)(19.20)(1)(21.24)i0)
(SUN_HOL){1,24)(0)

H-MAS=SCHEDULE THRU FEB 20 H-MASW1
THRU NOV 1 H-MASW2
THRU DEC 3 H-MaSW!

MP-HTS*SCHEDULE THRU DEC 31 (aLL)(1.24)(65S)

MP -MASW 1=WEEK -SCHEDULE (wD)(1.24)(0)
(WE)}(1.12)(0)(13,18)(1)(19.24)(0)
(HOL) (1,24)(0)

WP -MASW2=WEEK-SCHEDULE (WD)(1.24)(0)
(SATY(1,.12){(0)(13_t1ed(1)(17.24)10)
(SUN_HCL)(1.24)(0) ..

MP-MAS=SCHEDULE THRU FEB 2D MP-MASW!
THRU MNOV 1 MP -MASW?2
THRU VEC 31 MP-MASWI

HOT -DAY t=DAY-RESET-SCH
SUPPLY-H1=120 SUPPLY-L0-60
OUTSIDE-HI=70 OUTSIDE-LO=0

HOT-RESET 1=RESET-SCHEDULE THRU DEC 31 (ALL) HOT-DAY?¢



v9

-rCAayTIon

334
335
336
337
338
279
z40
341
342
342
l4a
3495
34§
Ja7
348
369
350
st
352
3517
354
ass
156
337
=9
359
167
.51
152
173
Ry
355
s
N7
e
Lk ]
1

It
372

-CAUTION-

373
374
7S
a7

17"
)8
37

hLD!
aLE
Ja2
sLh!
1n4
09
RLL
1ar
gLL)
187
170
I
312
Eich |
394
19%

COOL-SCH1=SCHEDULE THROU DEC 31 (ALL)(1.24)(0)
$ BASKETBALL AREA $

BASKETBALL = ZONE
DESIGN-HEAT-Tx70 HEAT-TEMP-SCH-RB-18
DESIGN-COOL-T=80 ZONE-TYPE=CONDITIONED

BB-C. (TRCL=SYSTEM-CONTROL
MAX -SUPPLY-T>120 MIN-SUPPLY-T=€0O
COOLING - SCHZDULE =COOL - SCH1
HEAT-CONTROL=RESET HEAT-RESET -SCH=HOT-RESET !
COOL-SET-T*60 ECONO-LIMIT-T=75S

BB-AJR=SYSTEM-AIR
MIN-ATR-SCH=BB-MAS OA-CONTROL=TEMP

BO-FANS=SYSTEM-FANS
FAN-SCHEDULE BB -MAS FAN-CONTROL *SPEED
SUrPLY -xw= _ 0003J2
NIGHT -CYCLE-CTRL=CYCLE -ON-ANY

BB-SYS=SYSTEM
SYSTEM-TYPE-MZS JONE -NAMES-(BASKETEALI )
SYSTEM-CONTROL-BB8-CONTROL SYSTEM-AIR-BB-AIR
SYSTEM-FANS BB -FANS

$ HOCKEY ARENA ¢

HOCKEY = 2CNC
DESIGN-HFAT-T-62 HEAT-TEMP-SCH-¥ WIS
DESIGN-COOL-T*B0 2ONE-TYPE=CONDITIONFD

H-CONTROL=SYSTEM CONTROL
MAY -SUPPLY-T=127 MIN-SUPPLY-T-&0
HEAT CONTROL-QESET HEAT-RESET -SCH-HOT -RESET !
COOL IMNG-SCHEDULE =CNOL -SCHY
COOL -SET-T=40 ECONC-LIMIT-T=7S

--VALUE NOT BETWEEN 45 0000 AND 70 0000

H-AIR=SySTEM -AR
MIN-AIQ-SCH~-H-MAS OA-CONTROL=TEMP

H-FANS*5¢STEM-FANS
FAN SCHEDULE -+-MAS FAN-CONTROL =SFEED
SUPPLY -wwr OQONI2
NIGHT -CYCLE-CTRL=CYCLE -ON-ANY

H-SYS~SrSTEM
SYrSTEM-TYyPE -MFS  ZONE -NAMES - (HD 7 we ¢ )
SYSITEM-COMTCOL M -CONTROL SYSTEM-AIR-H AIR
SYSTEM-FANS*H-FANS

$ MyLT]-FPURPOSE ARQEA 3

MULTI-PURPOSE = 770E
DESIZM HEAT-T-65 HEAT TFuMz <rj-Mr.-nrTe
DESI"N-COOL-T*80 ZONE-TYFE~(ONOITIONFD

WP -CONTRENL »SYSTEWM-CNUTENL
MAY -SUEDPLY-T« 120 MI% Syretv-1-cn
HEAT -CONTROL QFESET HEAT -@FAET QSTH-MNT-RF7F T



69

394
s R4
plet.]
bl
40
491
an?
417
404
4995
476
407
48
409
410
4119
412
413
44
415
a5
417
418
413
420

432

-~

436

COOLING-SCrECUL
COCL-ZET-T*63

MP-AIR=TSTEM AW
MIN-AIR-SCHTMP -MAS

HP-FAMS>SYSTEM | AYMS

E-Crfl -S0n
ECCN2-Liv T ¥

GA-CONIRGL ~ T Mmp

FAN STHIDULE -2 -MAS  TFAN-FCNIROL -SPEED

CUFPLY Kwe D00I2
MNIGHT -CYCLE -CTRL-C

P -SYSeSYSTEM

fCLE -Or-ANY

SYSTEM - TYPE-MZS  ZC°€ NAMES:- (W L1] TURFOI[)
SYSTEM-COMTROL=-M0-CONTRJL  S*STEM-AIR-MP -2 R

SYSTEM-FANS =MP-FANS

PAT=PLANT - ASSIGMNMENT
SYSTEM-NAMES=(BB-SYS H

SYSTEMS -REPCRT
SUMMARY = (53 -2

$ RS!*SCHIDULE THRU 't8 1
e T:Qu MaAQ 15

$ THRU DEC 31

$ RB'*REPORT -AI JCK
S VAQIABLZI-TvPE-BASKE?
$ VARIAB.E-LISTI=(6.7.9

$ RB2-FETCRT - BLOCK
$ VARIABLE-TIPE=BB-SrS
3 VARIABLE-LISI=(1 3 4

$ HR1«MOURLY -REPQRT
$ REPOAT -SCHEDULE RS

| 120 .
COMPUTE SYSTEMS

InNPUT PLANT

-QYS _MP-SYS)

(arL) (1,241 ()
tace) (1.24) (1)
jaLL) (t1.24) (0O)

ALy

L1112 14 17 _20)

.5.17.18.20.21,33)

REPORT-BLOCK-(RB 1 _RB2)
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437
438
471
44r)
441
Yyl
447
444
a4
446
447
448
449
459
451
452
a7
454
457
455
457
459
4=y
a6n
a5 1
452
457
ara
455
455
47
458
459
41N
471
472
479
474
471S
475
477
a8
a79
ann)
LA

L I I B I BN N B 2 2 I I I D R DY DR RN NN T BN NN RN R S N B S S SR SR JEY TN T R TR T R R

PDL PRODCESSOR INPUT DAT A

82/09/29. 08-40:25. POL BUN 1

® PARANETER CAREA+JIOOO
T PARANMETER CFLOW'RD)
§ PARANETER 1TVOL*S400

CHILLEQ1 » PLANT -ECUIPBENT

TYPEOPEN-CENT-CHLR SIZE-O. 600

S HEAT-RECOVERQY

LAt

§ SUPPLy -1~ (SCL-PROCESS-HEAT)
$ GEMAND- 1={PROCESS-HEAY)

LOAD - ASSIGMNENT
TYPE~HEATING
LOAQD RANGE =999
CLANT -E U PENTSUTILITY
NUSMBER =999

LOAD -mANAGEWENT

PRFO-LOAD - RANGE =999
LOAU-ASSIGNMENT= (LAY DEFAULT DEFAULT)

PLANT -REFrOQY

VERIFICATION-(FPV-A)
SUSMmMARY > (PS-A_PS-B8.PS-D.BEPS)

ENERGY -COST QESOURCE=STEAM  UNI T~ 1000000

$ SOLAR-EQUIPEMENT

$ SYSTEM TYPE=TLSH

$ INSOL * CCMPONENT

s TILT=44 AZIMUTH=1B0.0 ..

$ SURSY<~-COWPOMIENT
$ COUL-AREA-CAREA EFF-COEF={ .705. RR7) ANGLF -COFF- -0 1

END

$ COL-FLOW-CFLOW PUMP-KW=15 TANK-VOL=TVOL

COMFUTE PLANTY

STOP

LOAD FLOW-(N" . 0.0)

NO

COOL NG

TOWER DEFINFD., CFTAIn T

HAS RYFN DFEFINTD

USFN
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" ¥ " by

LDL PROCES SO®R

82/10/17. 15-32-31.

TITLE LINE-1 eAIR FOCTF ACAN M,

I NPUT

LOL RuUM

LIME -2 *AERQOFAJTICS LABCSAIQORY
LIfF -3 «L0S ALAOS AT AL L AB-

LinE-4 *AQUUSTED BASELINE.

ABOQTY ERQQORS .

OlAOSTIC ERRORS

AUN-PERIOD JAN 1t 1964 THRU DEC 31 1964

§oecee SCHEDULES e+oreseg

PEOPLE-LIGHTS = STHEDULE
THAY DEC 31 (WD) 1. 7) (

1)
(a. 17y (1)
(

(18.2%)

1)

(WEM) (1 2e) (. 1)

INFILTIRATION = STrEDULE

THRU DEC 39 (WD) 11.7)

[ )

18 17)(. 1)
(19 24¥(1)
(WEM)LY 240(1) .

FIVE -HOURS=SCHICULE

TH&Y DEC 30 (WS) (1.9) (O}
(1
(o)
(WEH)I(1_24)(0)

t*3_ 15}
(16_24)

BUILGIPG-LOCAT ICN
LATITUCE = J9
LCHGITUDE = 9CS
ALT TLDE = F9100
TIME-20NE = 7 _ .

§ecasosece LAYERS [IEERNEREN] 3

EAT-wALL-1 = LAYESDS

D AT A

MATEQTAL = (CC33.AL21.C826 _AL2Y.C825 P72}

THICHMNESS = (. 1667._125..5..

QOOF -LAYERS = LAYERS

1667..5. 0625}

MATERIAL = (BRDY_INTA _CCII_ACCI ALY GI13)

THICKNESS = (. 0311, 1667, .

CONCRETE = LAVERS
WATER,LL = (CCO™)
THILRNESS = (1.0)

UN-ROQF -LAVERS ~* LA'FQS

MATERjAL = (CCDII . @r2I_CCOT)
THICKNESS = (.25..0025.1.0)

BLOCK-LAYERS = LAYERS

1667, .0§25. . 33). . 0R25)
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<A

[ 4
>

1)
51
£2
€7
54
-5

57
59
€9
71

71
72
i
74
15
M3
77
1)
bR
en
QI

1
o4
[ 14
s
e7
Fq
LT
rl)
?O

02

4
nG
26
27
L)
29
'(_’,
17!
9732
LI }
)4
17,5
°6G
"7
1"
17.9
[ 1s]
T
112
117
1°8
15
116
117
Ts
1"y
129

LK T N RSN B N BT U A T TN AN TR T TN TN NN T DN NN TR NN N NN R R RN B R N R R N Y RN BN RN I N AN B A

MATERIAL = (CB26.%5M77)
THICKNESS = (.5..0625)
TCCR-LAVERS = LAYERS
MATERIAL = (CCOT_AL21 7TCTI_INTT)
THICKNESS = (1.0..25..3333..1667) ..

STEEL-O00R = LAVEDS
RATEQIAL = ([MWD1)
THICKNESS = (.09)

STEEL-CJIORS = LAYERS
MATERTAL = (AL2Y)
THICKNESS = ( 08220 .
WALL HAS NO HEAT CAPACITY. U-VALUE WILL PE CALCULATED AND USED.

fececnee CONSTRUCT 1ONS (AR XN N NY

PRE-CAST-CONCRETE = CON-INUCTION
LAYERS = EXT-wWaALL -1
ABSCRPTANCE - .55
QOUGHNESS =« 1

ROQF -COri5 » CONSTRUCTION
LAYERS = RDOF-LAYERS
ABSNAPTANCE = .S
QOUGHNESS = 1 .

UNMDERQGROUND  ROOF - CCHSTRUCTICYN
LAVERS = UN-ROOF-LAYERS

CONCRETE -FLOOR » 7Q"STRUCT IOM
LAYERS = COWMCRETE ..

POURED-CONCRETE - COMSTRUCTION
LAYERS = ASIW-40 .

COMNCRETE-BLOCK = “ONSTRUCTIOCN
LAYERS = BLOCX-LATERS

MO -WALL * CONSTRUCTION
U-VALUE = 10 ..

TCCR-WALL s CONSTPUCTICH
LAYERS = TCCR-LAYERS ..

STEEL-PANEL-000R ~ COMSTRUCTIMN
Layers « STEEL-COOR
ARSCRPTANCE - .B
POUGHNESS = S

QOLL -UP-DOOR = COMSTRUCTICH
LAYERS = STEEL-DODKS
ABSORPYANCE - .B
ROUGHNESS = 5 ..

n_A5S-NONR = GLASS -TYPE
PANMNES = 1
GLASS-TYPE-CODE = 10

fgrovoncce SP‘CES - r[:st FLOOR csossveey
COMDITIGNS » SPACE-<C*MITIONS

FEOPLE-SCHEMNLE - TEOFLE-L IGUIS
PEOPLE-HMG-LAF * 279
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1721
122
129
174
125
126
127
129
127
13N
T3
122
123
1t
L A1
15
Lz I
[T ]
140
141
142
141
144
te5
145
147
1492
129
120)
1<
€2
157
1S4
ts3
1C€E
1&7
!':;q
57
1€y
HCR
152
1=
1.4
1€£5
156
15,7
18
1£9
179
171
172
177
174
175
176
17
178

1an
21
122
129
154

TRISONIC = SPACE

COWBUSTION = SPaA

PEOPLE-1'5-SERS =

LIGHTING-STHEDULE

FLUOR-WEIGHT = O
INF-METHDD -
AJR-CHAMNGESG, 'HR -
INF -SCHEDULE =

20

= PEOPLE-LIGHTS

AIR-CHIANGE

5

INFILTRAT]ION

X=x153_78 Y=0 2-15

SHAFTE = 801

HEIGHT = 19.5 %ipi - €3 a DEFPTH = 41_PRA
SPACE-COMDITIDNS COrO1TIONS

PP ERQ OF -FEOPLE = 6

LIGHTING-xw = 7.2

TRISONIT -.
HEIGHT =
wiDIH =
LOCATIIN

100 -

CCIUSTRUCTr®) =

INTERIOR- WALL
11._88

6. 2
- pOTICY

TONTFETE-FLOOR

NEXT-T0O = MECHANICAL

TRISONIC -N2RTH -

EXICRING waLl

COMNSUIRUCTION = PRE-CAST-CONCRETE

HETG!'T = 19
63 .

WIDTH =

=

a

LOCATICN = RACK

TRISOMNIC
LivF =
LCCATJON =

SOUTH -

TRISQMIZ -gaSY =

CONSTEUCTION =

CE

EYTERIOQ -wWALL

TRIS2NIT -HNORTH

FRGNT

EYTIERIDOD -wALL

FCF - AST CO/ REITE

BELI+T - 19 5 wlDIH » 41 B9
LOCATIOM = 21GHT

TR.LSONIC -C00F = ROOF
CCrSIRULTICN - &UOF -CONS
HEIGHT = 47 29 wlDIH = 69 9
LOCATION = 10P

¥y = 11y _po Y=0 =15

SHMAFE = B¢

HEIGHT = 19 5

WIDTH = a1 924

DEPTU = 75 O

SPACE -CC*DITICNS
FAMBER -OF FECPL_E
LiGHTING -xw =

COMBUST IO -EAST
HEIMT =
LO~ATIO -

CChSTEICTIC -
TR1CNIC

NEXT-T10 =~

COMBUST I -WEST
HE JGHT =
VIDIHW - J€
LCZATICY -

COMNSTRUCT [0% -

2.C

19 . ¢

CCARTITIONS
10

INTECICD -WALL
alDIH = 36§
2T
CONCRETE-BLOCK

INTEQIOR-wALL

19.5

n
LEF T
CONTRETF -ARLNTK



0L

95
1n5
197
1.a
LE

245
247
749

MCORTH-LOBB Y

Losar -1

SPACE

NEXT-T0 = LOBBY-1

COMBUST 101 -SCUTY = EYTERICI-waALL

CORSTRUCTION =

HEIGH

¥ -

19.5 WiDIH = 41_94
LOCATION = "QONT

COMBUST I0N MNORTH = [NTEQIOQ-WALL

HEIGH

T =

T3.5 WIDIH = 41 94

LOCATIC - 2ACK

COMNSIRUCTICH

NEXT-TO = NORIH-LOBAY

COMBUST ICH-TLO0F = IMTERIOR-WALL

HE 154
LOCAl

T =
102

3s WIDIH » 41.94
= POTTCM

= COWPDETE-BLOCK

CORSTRUCTION - CONCRETE-FLOOR
NEXT-T0 = SHOP

COMBUST 10M-50CF = ROOr
COMNSI2UCTITN = ROCTF -C0°IS

HE 1G4

J6 WIDTH = 49 94

LOCATION = 10FP _.

NORTH-LOSBY-FLOMQ - INTERICA-WALL

HE 16
wi0OTH
LOCAT

T =

c.2p

- 83,2

17

= CGOTTO"

COMSTEUCTION = CONCRETE-FLOOR
NEXT-TO = LOBGY-A

NORTH-LC8RY-ROQr = RQOS
CONSTPUCT IOz = RNOF -CONGZ

HE [5H
LOCAT

* - 853 818
SHAPE = PO
HET MY - 12

Y -
10N

¥-0

-]

S.83 WIDIH » 69 9
= TQP

2=15

WINTH - 7o CEPTH

SPACE-COCNDILI[OMNS - rgNDITIONS
IBJMAER-QF -PECPLE - 2

LInsIL G Ty
LIGHTING -V

PF

v T2arasy)
2 4

PRE - CAST-CONTDEIE

= SPACE
v23_88 ¥Y=*36 Z=15
SHAFE = gnNr
HEIGHY = 19.S WIDT - €3 Q DEPIH =
SPACE-CORIJITIONS = r2°DIT]I0NS
LIGHTING-T«PE = MNCAPD
LIGHTING-Kd = (24
AIR-CHANGES/HR = 1.0
NORTH-LOBAY-RCRTH - EXIFQICD-WwAlL
HEJGHT = 2 5 wiDt = £ 2
COMSIRUCTIC: - PPEL-CAST-CONCRETE
LOCATION = BACL
NORT:-CO0%S = w[PONW
GLASS-T>»PE = GLASS-DOOR
X - 43.9 Y=0
HEIGHT = 17 6 dIDTH = 26 O

36

5>.88
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277
278

299
721

;272

293
R4
<95
785
87
20
729
P ) )
2731
232
2237
274
775
235
277
2~a
2
3r.9)
Iyt
332
EUR |
A4
2.5
ELp)

157
zna
gk ]
J10
ERN
312

AlR-CHANGES/HR

LO8BY- 1 -PiOFTH =
HE[nMT -
LOCAT "N
COMNSTAUCTION = N0 -WALL
NEXT-TO = MNORTH-LOBBY _ _

10

[MTERICD -wALL

S WIDIH = 283
faCK

LOBBY-1-SOUTH - EYTERICQ-wa L
CO%STRUCTIOCN = PRE-CAST -CONCRETE
HEIGHT = '9.5
WITTH - 28
LCCATION = FFEONT

LOBBY-1 FLCOR = [NIFR[CR-WALL
MEIGHT - 36 WINTH = 2R
LOZATICN - PDITON

COMNSTRUCTIN®! - CONCRETE-FLUOUR
NEXT-TO = LOBBY-A .

LCBBY-1-ROOT =
CCHSTRUCTICN = POF-CCYS
HE[SHIT -
LOCATION =

SUBSONMNIC = SPACE

LIKE TRISCMIC

¥=zQ

WIDTH

RO

Js

OF

VIDTH = 29
T0P ..

A3 _BA8

NUMBER-0OF -FECPLE = 6
LICHMTING-Ke =
ECUIF-STHEDRIILE = F IVE-HOURS
EQUIPMENT -Kw

7.1

= 150

SUBSONIC-7LGOP = [*NFERING wALL
HE [T
LETATIN - ROTICH
COMSTRUCTION - COMCRETE - FLOOR
KEXT-TO = SHhgP

- 41 Pg

wIDIH = 69 _9

SUBSONITC -P8Tw = EYTEQIOR-WALL
FCRSTEUCTIOCMN = PRE-TAST-CONCRETE

HEIGHT - 19 5
LOZTATION - Qack
wiDTH = 83 _8B

SUBSONIC-SOUTH - FyTEQIQP-wALL
TRISCNIC-SOUTH
WIDTH = 83 B8R

' [WE

SUBSCMI< -RCOF
TRISCMNLZ -R00F
WIDTH = 83 B8

LIME

SUBSONIC -wEST
TRISONIC-EAST
LOCATION = LEFT

LixE

SUBSONI T -EAST
HI IS
LOCAT Y = PN
COMSTEUCTLIN® - CONTRETE -BLOCK
NEXT-TO - LOBSV-1

§rocaccnene

SPACES

- poGE

= EYTERICR-waALL

= [NIEDIDR-WALL

- 19 5 wiDTH

LOSfD LEVEL A

41 BRR
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SHOP = SPACE

LOBBY-A = SPACE

SHAFE = 80X

HEIGHT = 15 WIDIH » 111.8
CEPTH = «1.83

SPACE -COMNOITIONS = CONDITIONS
MMBER-OF -FEOPLE - 4
LIGHTING-KW = 10._4
EQUIP-SCHEDYILE = FIVE-HOURS
EQUIPMENT -MW = S50 ..

SHOP-NCRTH = UNDERGFOUMD-WALL
HEIGHT = 15 WIDIH = 111.8
LOCATLION = BACK
CONSTRUCTION = POURED-CONCRETE

SHOP-SOUTH - EXTERIOR - WALL
COMSTRUCTIUMN = FOURED-COMNCRETE
HEIGHT = 15 SI0TH = 111.8
LOCATION = FRONI

SHOFP -1 = DNOR

HEICHT = 11 25 wIDTH = 14 O
CONSTPUCTION = ROLL-UP-DOOR
A = 35

Y =0 ..

SHOP-2 = DNOR

HEISHT = 11 33 WwWibTu - 13.S
CONSTRUCTION =~ SIEEL -PANEL -OOUR

X = 88.3 ¥y * O

SHOP-FLOOR = UMNDERGREMI.D-FLOOR
MEIGHT = 41 8285 WIDIH = 137 A
LOCATION = eOliIOP
CONSTRUCTION = COMNCRETE-FLOOR .

SHOP-EAST = INTEQIOQ wWALL
HEIGHT = 15 YIDIH = 41 882
LOCAT]OMN = PIGMT
CONSTRUCT IO = CONCRETE-BLOCK
NEAT-TO = LOBBY-A

X = 11198 Y = 588 2 = O

SHAPE = HOX

HEIGHT =~ 15 WIDPTH = 28 DEPTIH = 36
SPACE-CONOITIONS - COMDITIONS
LIGHTING-TYPE = INCAND

LIGHTING-KW = 1_96

LCBBY-A-SDUTH = [NTERI[OQ-WALL
HELIGHT = 15 WIDTH = 2B
LOCATICON = FRONT
CONSTRUCTIO!MN = NC WALL
NEXT-TC = SOUTH-LDFPRY

LOBBY -4 -HOQTH = VHDFDSRDUND @ALL
HEIGHY = 15 SI0TH = 28
LOTRIION = FATK
CONSTIRUCTION = FOURED-rNICDETFE

LCAAY-A-FLOCA « »XEQGAM»M-F L OCQ
s TSMT = 36
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9 ¢ ® e 2 8 & 4 T T ¥R OTOEE

ro
A4
Lt
45
a,7
479
479
FETs)
ENN
217
I
q-
119
41E
417
410
47
459
A
422
423
424
a7

“42€
&)}
129

229

421
432
137
4721
475
415
437
439
433
440

wI0TH

LOZATION
CONSTRUCT

SCUTH-LCBBY = SPACE

MECHAYNICAL = SPACE

X = 111.8
v T Q0 zZ =
SHAPE = 80X

(o]

2

9
= a0l
i

KEIGMT = 1S5 WIDTH -
SPACE-COPDITICNS - CC'MITIONS
ICAYD

LIGHTING-TF
LIGHTING-kw

3

-

SOUTH-LCSEY - STl =
COoNSITUCTION -

HE [GHT

‘5 W

ToM

04 = CONCRETE-FLODOR

2 PEr(H = S5 AR

E*TFQIDQ wWALL
FURED-TONCRETE

10714 ~ 28

LOCATIO™ = FRONI

LOBBY-A-DC0Q -
GLASS-TYFE = GLAS
=7
HE[R'T =

¥=0

SCUTH-LO78Y -FLOPR -

HE [ D41

= 5 P9 W . iH =

LOTATIC"
CONSTRUCTION = CONCRETE-FLOOR

¥ - 139 1 Y
SHAFE = BOY

= por

T 0 1 =

HEICHT = 15 WIDTH =

SPACE-CO°DITICYNS -~ CORDLTIONS

MAER- IF -FEGPLE = 2

LIGHTIN FepP
LIGHTING K&

3

ECULP-STHEDULE
EQUIPMENT -KW = 50

MECHANI"AI -EAST

HEIGT
wWiD Ty

4

[(Ralel SR TR
CCraSTRLUCTIO -

NEXT-T

o

MECHANIC2L -wEST

HE [T

LOCATIr
CONSTRUCT L, -
NEXT-TO = LCB9Y-A

[MNCA
.4

40

S -DOOR

11 25 wWiIDITH = 13

1o renRe S D-FLOCR

TC™

[a]

P4 DEFR?

rD

28

H * 41 873

- PEOPLE-LIGHIS

- INTER]IDOR-wWalLL

15
V.89

T QG

TEST

CC*.7RETE
-CELL

-FLOOR

= INVEFRIDR-wall
1S &iDIH ~ 41 _RAB

- LEF

| 4
CHNORETE

-RLCOK

MECHANICAL -50UTH - EXIFRPIOR-wAL L
CCreRTRPUITION -

HE [ GHT

15 «IDIH » B84

LOCATION * FRO

MECH-D272235 = D
HE[GUT =
DIk -

CONSTRUZTI N = S

Ad

’
a

7 25

FOURLO -«
NT
coq

1 25
135

LS |

ONCQETE

FFL -TANEL
PULTIFLLIER

MECHANTICAL -FLOOR = U DFPSROUND - FLODR

HE I GHT

WIDIM =

S

e

3



174

44
412
417
aAs4
LE b1
416
447
4429
447
asr,
A5 1
452
a"
27,1
1<
acg
a7
492
a2
~£.7)
a1
252
Ar
ara
ars
acy,
4G
ARG
167
AT
471
172
413
47
475
4.5
ary

a9
479
a2
ta
4an2
427
4P 4
FETS
105
497
ane
AP
ANM)
471
47
177
A4
425
4175
A7
470
47
con
e
"2
<oy

€4

LN I I N I N I D D R DA T )

TEST-CELL

SPACE

LOCATINMN = S0QTTC™A
CONSTRUCTION = COMCRETE-FLOOR

MECHANICAL-NORTH ¥ URDEFGEOUID-WALL
HEIGHT = 15 WwIDIH ~ 84
LOCATION - RACK
CONSTRUCTION = POURED-CONCRETE

X =223 Y20 2 =0

SHAPE = BGY

HEIGHT = 15 WIDIH = 56 QDFPIN - 5@
SFACE-COMD:TIONS = CONDITIONS
LIGHTING-TYPE = INCAND

LIGHTIMNG-KW = 8§ 4

TEST-CELL -SOUTH - EXTECINR WA' [
CONSTRUCTICM - FOURED CONCRETE
HEIRHT - 15 WIDTH = 56
LOCATICN = FRONT

TEST-CELL -PD0RS = DOOP

HEIGHL = 1Y O 4IDTH - 13
COMNSTRUCTION = POLL -UP DOOR

¥ >x0 v =D MITIFLIER
TEST-CELL-WALL = UNDERQGUQUND-wALL
HEIGHT - 15 &€IDIM = 114
LOCATION - PACK
CONSTRUCTION = POURED-COMCRETE

TEST-CFLL-R00F = UMNERSGEOUND -wWALL
HEIGH) = S8 SIDTH = 56
LOCATIOY = 0P

CONSTRUCT JON = UNOERGROUMD -ROOF

TEST-CELL-FLOOR = UNDERGROUMD-F{LOOR
HEIGHT ~ <8
wIDI - 55
LOZATION - BRDYTIC®
CONSTRUCTIOMN = COMCRETVE -FLOOR

TESV-CELL-CR = SPACE

X = 273.9 Y « 0O Z 0

SHAFE « BOX

HEIGHMT = 15 WIDPTH = 54 DEPIH = S8
SPACE-COMNDITIONS = CONDITICNS
NUMZER-OF -PEOPLE = 13

LIGHTING-KW = 5_2 _ .

TEST-CELL-CR-SOUTH = EZTERINR wALL
CONSTRUCTICN = FOURFD CONCRETE
HEIGHT =~ 15 WIDIH = Se
LOCATION = FRONT

TEST-CELL CQ-pOCR = (7'
HEIGHT = 1Y WE[CTH = &

COHSTRUZTION - STEEL-FAMNEL -DCOR
Y = O MULTIPLIER

X = 10.6

TEST-CELL-TCR-PCTF = vNFIeQniipD WALL
HEIGHT = 53 WIDIH = 54
LoCATICN = TOP

CONSTRUCTION = UMNNDFCADAYMND -ROANDF

2



G¢L

=5
=06
07
2161

£
510
511
512
<13
514
515
516
517
cis
517
€70
521
522
=21
524

€1
. d

526

BUILDING-RESOURCE

LOADS-REPQORT

= UNPEPSGSCOUND-FLOGR
W[DI = 54
COMNCRETE -FLOOR

TEST-CELL-CR-FLOTR
HEIGHT = &9
CONSTRUCTION =

TEST-CELL-CR-INT = INTERIOR-WALL

HIIGHT = 1S

WIDTH = 170

LOTATINI - PACK

COMSTRUCTION = T_"P-waAlLL

NEXT-TO = TJEST-CELL ..

HW-SCHEDULE = FIOFLE-LIGHIS
HOT-WATER = 4700

SUMMARY = (ALL-SUMMARY)

EMNOD

CAMIUTE LOADS
INPUT SYSTEMS
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SOL PROCESSOR I
82/10/17. 15:32-31.
HEAT=S_HEDULE
THRU MAY 1S (ALL)

(1.7)(62.5)(8,17)(70
THRU SEP 30 (aLL)
(1. 7¥62.5)(R 17)1(T0
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(A.17)1.12)

(18.24)(0)

MECH-HTG=SCHEDULE

THOU MAY 1S (ALY (1,

TH2U SEP 30 (ALL)( 1.

THRU DEC 3t (ALL)(?.
MECH-CLA=SCHEDULE

THEY DEC 31 (AL )0y,
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APPINOLY B
CCONOMIC ANAL_YSIS

I. ECONOMIT ARA_YSIT (OF LNLRGY CONSIRVATION QPPORTUNITILS

A1l proposed energy conscrvation opportunities [LC0s) were ~valuated
using the Department of Dafense Enerqy Conservation Investment Program (ECIP)
Suidance dated July 22, 1981, These guidelines require a two-part economic
analysis cons’sting of a documented -~ost estimate and a life-cycla cost
analysis for each alt2rnative or comhination of altarnatives tha! ronvtitite o
project.
A, Economic Criteria

The econcmic criteria applied to each ECQ are prescribed by the quidance

as follows,
1. A1l projects must be cost effective, that is, Benefit/Cost Ratio
(B/C) > 1,
2. A1l prcjects must produce an enerqgy-to-cost ratio (£/C) equal tn or
greater than 15,
3.  All discrete portions of edach project, that is £00s, must mee: hoth
the ¢/C ratio minimum requirements and be lifc-cycle cost effeztive,
4. No mire than 257 of the total annual savings whall be attributed to
nonenerqgy sources.
B. Economi¢c Parameters

We were instructed by the Air Force Academy to apply the same econamic
parameters 15 uscd fo. the FY 1983 ECIP submittals,
1. The short-term differential escalation rates applied to the end of
the fisc.) year in which construction was programmed were:

Design 6.0%
Construction 6.0%
Supervision, inspection, and overhead 6.0%
Fuel ofl 14,0
Electricity 13.0%

2. The long-term differential escalation rates for computing the
present worth of recurring annual costs/benefits were:

Maintenance and ropair; 0 and M 0.0n
Fuel oil r.0N
[lectricity 7.0"



2, Tne uiscnant fastar te be apnliad Lo the priosent wo=th of vocureing
annunrt contoinanef it was 10,

Fge? Taste

Tne Adr Torce provided usowitt the ioltowing FY 1800 Lite gl

ARV A TNT ¢

we converted to FY 1983 funi costs at the source.

(81.29/gal.) x 10° Bty 6

Fuel oil: 36700 GtulgalY = $9.30/10 Btu.

. )
S amb ity 49002400/ kWh) (0" Blu A 6
lect i1ty A— m B-T—uTk_N-rﬂ_— = $7.L3/10 Btu.

when ag-atlated to FY 1984, the fuel prices become

Fael oil: ﬁgéég x (1.10)° = $13.73/10° Bty , and
1
Plectricity: El#ég X (1.13)3 y ZlO.M/lO6 Btu ;
10

when adjusted by the energy conversion fantors* for fue! use at the souce,

Fuel oil: £13.78/10° ptu, and
Elec! ricity: 510.44/106 Btu x 3,413/11,600*% - Y.3.()7/1()6 Blu,

The latter rates are cost savings in FY 1984 dollars for every 106 Btu's
saved at the source.

Although natural gas is consumed by the boilers supporting the high-
temperature water distribution system, the Air Force Academy instruc: 4 us to
cvaluate energy cost savings for the natural gas heating system on the basis
of equivaient fuel o0il1 prices and fuel o1l eccalation.

. __ Methodolagy

The first step in the cconomic analysis of an ECIP project is to develop
a Current Working Estimate (CWE). We were instructed by the Air Force Academy
to develop this ostimate by calculating the maximum amount of capital that



could be investec 1n 2 project to displace 2 unit 2% the 1uir aad remiin cost
effective. The following cutlines the calculalion procedur:s for fusl it ane
electricity, respectively.

1. Nonrecurring . .iti1! canital conts,

3

Construction bids (hy defimitzor © doiiars?

Contingen:y at 15 - 0,05 P
Unescalated CWE =11 P
CWE escalated to end

of FY 1984 = 1.15 (1.06)3 P = 1.37P
Unescalated design at 15% = 0,187
Design escalated to end

of FY 1983 = 0.15 (1.06)° - 0.8 P
Salvage Value = 0.00 P

2. Recurring co.ts.

Additional 0 and M at 3% = 0.,03F

3. Maximum capital investment. For fue! ¢il, one can afford to invest
$95.24 for each losiBtu saved at the building boundary for projects with an
economic life of either 15 or 25 vears, For electricity, one can afford to
invest £103.85 and $148.81 fo- each 106 Btu saved at the building boundary
for projects with an economic life of !5 and 28 years, respectively, For fuel

oil, the economic criterion that establi;hod the maximun investment is the t/¢
reatio = 15, and for electricity, the B/C ratio = 1.9, An exanple illustrates
the development of *he maximum capital investment,

Let us assume that a project has a CWE of £95.24 and displaces 1.0 x
106 Btu of fuel oil at the building houndary. Thus,

Design cost = 0.18 P s (.13)(§%§3§1) - $12.56,

Salvage cost » 0.0 P = $0.00,

0 and M cost = 0.03 P « (.03)(£$§j;£) = §7.09.

84
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Inserting these conts inte Tig. B-0 “the Form Ao ontitlhoc "EITE Teonomig

Knalyzis Summary"), onz can ses that £/0 = 15 ane B/O - 1,00 T8 tne DWD wers

v

viraees tnar 9L FS 0 taen L]0 Taus, the fasham Capital rtuvesiment e

Pae s ca deap o oonent o of Ld BLu s s tab !ty aed,

A similar calculaton was performed for ECIM projects with fuel oi!
cravings for 28 years end ejectrical energy savings for 15 and 2L years,
Figures B8-2 through B-4, showing these calculations, are attached.

The second step in the economic analysis of an ECIP project is the life-
rvcle cost evaluation, ECIP guidelines require tnat the E/C ratic be used n
rans ing projects and that projects must have a B/C ratio of 1.0 or ygrester.
Tne B/C ratio s an index of the life-cyzle cost affectiveness of a project as
an investment cpportunity. It shows the number of dollars that will be saved
for each dollar thet is invested in the preoject. The higher the B/C ratio, the
mire attractive the projaoct. The t/C ratio shows the amount of energy savings
n Btu «x 106 (M3tu) per %1000 of project cost. Tne E/C ratic ensures that
projuects will be prioritized by the criterion of jreatest enerqy savings per
investment doilar. Another project comparison index in the payback poriod,
which is determined by dividing the annual cost savings into the CWE. The
payback period 15 not anvolved in project ranking but is included hecause it
i5 a faniliac evaluation index, The life-cycle cost is determined by adding
the discounted benefits and costs of a project over its life to the project's
implementat ion cast. The procedure for n,aluating life-cycle cost is shown in
Figs. B-1 through B-4 (the Form A1, "ECIP Lconomic Analysis Summary"). The
life«cycle costing results for the proposed ECIP projects are summarized in

vhe nexl section,

. SUMMARY OF LCONOMIC RESULTS
A summary of the economic results is provided in Tables B-1 through B-VI.

[11. DOCUMENTATION OF CCONOMIC ANALYSIS

lhe documentation for the economic analysis of the EDIP projects pro-
posed for Vandenberg Hall, the Field House, and the Aerorantics Laboratory i
attached as pages 93-123.

)



Fig. b-1

FORM 8-1
ECIP SCONOMIS ANALYSIS SUMMARY

lDCIHOn: SRR P FY el
Projest: A — Tt o A e
L [ = A i AU U S T R e o EA_ \ £ - T
Yconomic C\?e: 15 Irs. Dete Prepared . . Pnpand by -~
COSTS .
. Ron-recurring Initial Capite) Costs:
a. Cntf s 5T LA
b. Desion ] T
c. Saonler o i $ -
g. Yot IR A
BINLIFITS

2. Recurring Benefit/Cost Differentis) Other Than Enarpy:

8. Annua) Labor Decrease (+)/Inzrease (-) $ -2 ~ag [fYr
b. Annua) Pateria) Decrease (+)/lncrease (-) $ - fyr
¢. Other Annua) Decrease (+)/Inzrease (-) $ . /rr
d. Tota) Costs $ - - .~ [vr.
¢e. 0% Discount Faztor $ =0
f. Discounted Rezurring Cost (¢ x e) | ST
3. PRelurring Energy Benefit/Costs:
a. Tyve of Fuel_ - .~ ~ |
lg Annus) Energ. Deczrease (¢)/lncrease(-) R Ty
2 Cost per MSTU s 1_ B B0
3) An~,2) Dollar Decrease/Increase ((1{:(2)) [} ALY
4) Differentia) Eszalation Rate (£ _%)Factor -
§) Discounted Dollar Decrease/Increase(3)x(4) $ ._:’-r’o
b. Type of Fuel
{; Annual Energy Decrease (+)/Increase (-) 3Ty
2) Cost per M3TU $ [PETU
3) Annual Doldlar Decresse/Increase ((V)X(2)) H Wil:
4) Differential Escalation Rate (___ %) Factor
5) Diszountel Dollar Decresse/Increase ((3)x(4)) H
¢. Type of Fuel:
1) Annua) Dnergy Desrecse («)/Tncrease (-) WaTUY
2) Cost per MBTY $ ~/MBTU
3) Aanua) Dollar Decrease/Incresse ((1)x(2)) ) Yr
4) Differentia) Earcalation Rate (__3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel. »
1) Annuad) Energy Decrease (+)/Increase (-) METY
2) Cost per MBTU $ BTy
3) Annua) Dollar Decrease/Increase ((1)x(2)) $ JALG
4) Differentia) Escalation Rate (__%)Factor
§) Discounted Dnllar Decrease/incraase ((3)x(4)) L
e. Discounted nergg lencﬂts (3a(5)*3b(5)+3c(5)3d(5)) {_,_:__-
4. Total Benefity fede) L
§. Discounted Benefit/Cott Ratio ?Hm diline Y0) 2, .4
6. Total Annual Energy Savingy (3s 1)¢3b(1)¢1c(1)03d(1)) AT
7. E/C Ratto (Line %2 + Line 1a/1000) B
0. Annua) § Savings § de2a(3)e3b(3)e3c(3,43¢(1)) P
9. Pay-back Pertod ((Line Ya - Salvage)iline B) oA g
1o, thde utte Coeort ( Live dd-20 -2 3 - 't-L,.._..\_é-‘

a6



riaq. b-?

FORM A-1
COIE ECONOMIT ANALYSTS SUMMARY

~

tocatton: Tt A Tl o Y .4
Project: NN S A A~ vl
. T - N S A R S S R P =
teonomic Lifel 2 — vrs, Date Prepared_9 /c- Prepared by ~ P
CO%YS
T.  hon-recurring Inftial Capital Costs:
8. Cnt s Toad
b. Design s i
c. Sonlon e $ .
¢. Tota) b VR
BINEFITS
2. Recurring Benefit/Cost Differe~tia) Other Than Enerpy:
8. Annupl Labor Decrease (¢)/Inzrease (-) $ - -2 [fyr
b. Annual Materia) Decrease (+)/increase (-) $ fyr
€. Other Annua) Decrease (+)/Increase (-) $ : r
d. Totsl Costs $ -2 .c1  Jvr
e. 0% Discount Factor § - .4
f. Dfscountes Rezurring Cost (d x e) S -
3. PReturring Enerpy Benefit/Costs:
8. Tyve of Fuelt ...t ~ .\
(1) Annus) Inerg. Decrease (+)/lncrease(-)
2) Cost per MSTU
3) Anaudl Dollar De:rease/Increase ((1)x(2))
4) Differentia) Escalation Rste (& %)Factor
5) Discounted Dollar Dezrease/Ircrease(3)x(4)
b. Type of Fuel:
{? Annual Energy Decresse (+)/Tncrease (-)
2) Cost per MBTY
3) Annual Dollar Decrease/Increase ((1)X(2))
4; Differentia) Escelation Rate (___%) Factor
S) Discountel Dollar Decrease/Increase ((3)x(4)) $
€. Type of Fuel:
1) Annua) Energy Decrecse («)/Increase (-) MBTY
2) Cost per MBTY WL
3) Anudl DoYlar Decrease/Increase ((1)x(2)) $ [
4) Differentta) Ercalation Rate f) Factor '
§) Discourted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
V) Annual Energy Decrease (e)/Increase (-) %Tg
2) Cost per MBTU 3 ("]
3) Annun) Dollar Decrease/Increase ((1)x(2)) $ FATR
4) Differentia) Escalation Rate (__%)Factor
(5) Discountcd Dollar Docr:nz/;ncnza;c (%3;::("23)) i
e. Discounted Energy Benefits (3a(5)¢3b(5)*dc(5)edd f Ng 8
4, Total Benefits iSwg{H.\e) 27487
S. Discounted Benefit/Cost Ratio (Line doline 14) A4as
6. Tota) Annua) Energy Savings {3a{1)edn(1)e3c(1)¢34(1)) S
7. E/C Ratio (Line 6 + Line 1a/1000) s
0. Annusl § favings izaoh(J)OJb(J)OJc(!)’Jﬂ(J)) $ e/ yr
9. Pay-bdack Pertod ((Line Yo = Salvage)eline 8) G oy
e L,_Ic -3 \e “L.-+\L—I\\.- |Ll'-'-'r"2"3 -J-"‘-—"—l‘l—
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Fig. b2

FORM A-1
ECIP ECONOMIC ANALYSIS SUMMARY

tzcation: Celeracleo Treinm e, Py e
Project:” A - [ - -~ Z-c iaic o

e T AL <l PR - L N SN [ P \’:),._V‘L(. N
Yconomic Life: = Vrs.  Date Prepared Prepared by __—oF
| (1949

T.~ Kon-recurring Jnitia) Capita) Costs:

8. CnE
b. Design
c. = Yucern
d. Tota) ~
BENEFITS'

2. Recurring Benefit/Cost Differential Other Than Enargy:

a. Annua) Labor Decrease (¢)/Increase ()

. Annual Materia) Decrease (+)/Increase (=)
. Other Annua) Decrease (¢)/Increase (=)

. Total Costs

. 10% Discount Factor
. Discounted Rezurring Cost (d x e)
ezurring Energy Benefit/Costs:

. Type of Fuel: =je~d - cidu

l; Annual Energy Decrease (¢)/Increase(-)

Cost per MBTU
Jz Annua) Dollar Decrease/Increase ((1)x(2))

b
c
d
¢
f
R
[}

Differentia) Escalation Rate (7 $)Factor
Discounted Dollar Decrease/Increase(3)x(4)
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2) Cost per MBTV
3) Annus) Dollar Decrease/Increase ((1)X(2))
Differential) Escalation Rate (___3) Factor

¢c. Type of Fuel:
1) Annual Energy Decrecse (e)/Tncrease (-)

Cost gcr MBTU

Annus) Dollar Decresse/Increase ((V)x(2))

¢) Differentis) Escalation Rate

(_3) Factor

5) Discounted Dollar Decrease/Increase ((3)x{4))

d. Type of Fuel;
l§ Annus) Energy Decrease (¢)/Increase (=)

Cost per MBTU
Annus) Dollar Decrease/Increase ((1)x(2))

Divferentia) Escalation Rate (__§)Factor

4
§) Dfscounted Dollar Decrease/increase ((3)x(4))
e. Discounted ig::g;flnnsfits (3a(5)e3b(8)*3c(5)*36(5))

Tota) Benefity *de

Discounted Benefit/Cost Ratio (Line &oline YV4)
Jota) Annua) Energy Saving: (3a{1)e3n(1)93c(1)+34(1))
E/C Ratfo (Line 6 ¢ Line 14/1000)

Annual § Savings (20¢3a(3)e3b(3)3c(3)¢34(}))
Pay-back Pertod ((Line Yo « Solvage)eline B)

10 L fe L'_'J cle Cepf (tive /.;/—:‘-J..-.;,..)

L X A2 X~ N J
- v =
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T hed

FORM A-1
FCIP ECONOMIC ANALYSIS SUMMARY

Location: Lclr-acle Spm—v o Ff_c<
ProJest: A c P o Bl U
EOY R TILEE 2 R A e o R G ol .-4_,‘, CTem v
Yconomic Life:z=" VYrs. Date Preparad_,- /c s Prepared by = />
e
Y. hor-recurring Initic) Capital Cos®s:
a. Cnt $ 142 &9
b. Design §__a 4t
c. W | C‘BC\; fo
¢. Tote) _ g
RENLFITS
2. Recurring Benefit/Cost Differentis) Other Than Enerygy:
8. Annub) Lador Decrease (¢)/Increase (-) $ (= 1«) J¥r
b. Anncsl HMateris) Decrease (+)/Increase (-) $_. co [vr
¢. Other Annua) Decrease {¢)/Increase (~) $ - .z [,
d. Tota) Costs | SN AL
e. 10: Piscount Factor § - .~
f. Dizcounted Resurring Lost (¢ x e) S_,;’_,:u_."_:d)
3. Recwyrring [ne-gy Benefit/Costs:
a. Type of Fuel: _Eaecdrpod .
1; Annual Energy Decrease (*)/Increase(-} a 4o HRTU
?) Cost per M3TU $ = .- [i5TU
3) Annua) 20)lar Decrease/Incresse ((1;:(2)) $ | e Ir,
42 Differentia) Escalation Rate (2_%)Factor £ il
5) Discounted DeYdar Decrease/Increase(2)x(4) $_ e il
b. Type of Fuel: —
{? Annua) Yrergy Decrease (+)/1ncrease (-) METY
2) Cost per MBTU $ FLMY
3) Annuel Dollar Decrease/Incrsase (())X(2)) 3 [,
4; Differential Escalation Rate (___8) Factor —
5) Discountes Dollar Decrerse/Iniresse {(3)x(4)) 3
. Tyre of Fuell
1) Annua) Energy Dezretse (e;/]ncrease (-) i
2) Cost per MBYU $ Y
3, Annus) Dollar De-rease/Increase ((1)x(2); 3 frr,
4) Differentta) Excadation Rate (%) Factor N
'8) Diicounted Dollar Decrease/Increase ({3)x(d)) e
d. Tyoe of Fuel;
\; Annua) Tneryy Decrsase (e)/Increase (-) e MBTY
2) Cost per BTV $ JRETY
3) Annual Dollar Decrease/Increase ((1)x(2)) 3 AT
4) Dsfferertial Escalation Bate (_S)factor
8) Discounted Dollar Decrease/lncraase ((3)x(4)) $
e. Discounted Energ Benefits (3a(5)¢3b(5)e3c(5)*3a(5)) ‘f 182 2
A4, Tota) Benefity (Sum HJJ LAl
5. ODfscounted Benefit/Cost Ratio ium &iltne 1d) .
§. Tota) Annua) Energy Savings (dal))edb(1)e3c(1)+3d())) WY
7. LK/t Matdo {Line € % Line 14/1000) iEs
0. Annua) § Savings {2d3a{2)3b(3)¢dc())*24(I)) §_— - /yr
9. Pay-dack Period ((Line 1a = Salvape)sline B) B, gre
3 o

1. Lide Cjc/c.. N (Line Jd = 2A —~5c‘.“)

89



TABLE 8-1

ECONOMIC SUMMARY OF ENERGY CONSERVATIQN OPTIONS FOR VANDENBERG HALL

06

10.

il.

i2.

13.

Estimated
Estimated Annual Savings  10% Bty Saved Maximym Discounted  Lifa-(ycle
Energy_Use * Enerqgy per 31009 Investmant Benef it/ st
Jption (Btul Fte)yr) Reduction 51,000 10f mey Invested (i) Cost Katio  ($1,0n0)

Baseline, as-built 120,834 - - — - _— -
Reinstate economizer 120,369 1 1 354 36. 11,073 1.000 0
lone thermastats for 116,661 4 Ja 3,172 15. 236,612 1.959 027
baseboard heaters
Tunne! preneat of 116,944 5 56 2,956 15. 222,717 3.410 -617
ventilation a.r
Reinstate radiant 118,961 2 1 1,423 215. 7,463 1.000 0
heating
Pun-around heat 94,320 22 242 20,152 15. 1,517,967 3.396 -3,6183
recovery loop
Minimize ventilation 103,35G 15 160 13,287 15. 1,001,360 3.413 -2,A17
rates
Improve fan/motar 114 637 5 10 4,710 24, 220,150 1.000 0
efficiencies
Night insulation 119,902 1 9 708 15. 53,342 1.410 122
on windows
Improve wal: ani 129,532 1 3 229 15. 17,068 4.114 -63
roof insulatior
Combine opiicns 93,887 25 274 22,764 15. 1,715,536 3.39 1,111
6 and 7
Combine options R4 681 310 284 27,475 16. 1,935,966 3.1?25 -4
6. 7, and B
Combine options 34,217 i 2P4 27,825 1k, 1,947,720 .11 B R
6, 7,8, and 2
Combine aptions 6, RI1,730 32 301 29,771 15, 2,124 1332 2.951 1,061

7.8, 2, and 3



Option

Zstimated

Eneragy_Yse

8aseline, as-built

Solar DHW system

(Btu/ 12 yr)
120,834
112,082

Lo

Estimated
Energy_Us~
Gption 18tu/ft¢) yr)
Baseline 188,281
Urility tunnel heat 145,432
recovery
Peduce thermostat 168,976
setting
Add roaf insulation 181,221
Combine cptions 134,011
2 and 3
Combine gptions 127 B50
2. 32, and <
T5timated
Tiergy_'lga
Option (Baffttyr)
gaseline 1F8,291
Snlar CHd System 127 19

2nnial Savings Max im;m Discounted
% Enarqy per &100 Investment Benefit/
Rediction 81,907 10° aw. Invasted (1) Cost Ratio
6 67 5,162 15.0 390,192 1.636
TAC® E B-I11
ECONOMIL SUMMARY OF ENERGY CONSERVATION OPTIONS FOR FIELD HODUSE
Estimated "
Rnnual Savings 107 Bty Saved Max imum Niscounted
7 Erargy “ per 31000 Investmant Renef it/
Peduction 11,000 10" Btu Invested (1) Lost Ratio
23 129 10,543 15.0 795,214 3.479
10 aR 4749 15.0 358,273 1.854
3 19 1,737 5.0 131,015 3.039
29 158 12,351 15.0 1,007,161 3.354
32 174 11,759 15.0 1,121,506 3.317
TARLE R-[V
ECONMIC SunvwaadyY OF SNLAR D2TINNS F2 FIELD HOUSE
Fstimated
Ann;3y) Savings lﬂﬁ 2t Saved May i Niscoyntrd
” fnerqy - - por $1007 invastrert Zonafit)
Rec.cticn £1.939 10° gey [rvested (8) fost Ratio
! ? o 5.0 2n,24] .77

TARE B-TI

CECONOMIC ST™MARY F SNLAP OPTINY, FOW YANDENBERG HA!L

Crtimatod .
17 pey Saved

Life-fyrle

(ot

_Lil¢?291

1,03

Life.!yr)n
r",'

(s

-1,971 176

4 T
.mn R

SR NRR

2o ang

[T E ]
_?. ')1_
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TABLE B-V
ECOMOMIC SUMMARY OF ENERGY CONSERVATION OPTIONS FOR AERONAUTICS LABORATORY

Estimated i
Estimated Annual Savings 10% Btu Saved Max imum Uiscounted Life Cycle
Energy Use s Taergy per 31000 Investment Benef it/ Cost
Option (Btu/ft/yr) Reluction $1,000 106 3ty Invested (3) Cost Ratio (31,000)
1. Baseline, as-built 446,448 - -= -~ -- - -— --
2. Adjusted baseline 462,245 — — - - - —
3. Seasonal heating 450,826 3 3 302 15.0 22,778 2.059 -24
and <ooling
4. Night setback 460,896 1 1 49 15.0 3,695 2.666 -6
in lobbies
5. Demand control 447 244 3 5 392 15.0 29,567 2.261 -37
6. Evaporative cooling 469,612 -1 0 -170 - -- - --
7. Combine options 440,006 5 7 574 15.0 43,294 2.1€9 -51
I ad>5
8. Combine options
3,5, and 6 408,756 12 15 1,359 15.0 102,504 3.162 - 222
TABLE B-VI
ECONOMIC SUMMARY OF SOLAR OPTIONS FOR AERONAUTICS LABORATORY
Estimated
Estimated Annual Savings 105 Bty Saved Maximum Discounted Life-Cycle
Energy_Use 2 Energy per $1000 Investment Benef it/ Cost
Option (Btu/ft2/yr) Reduction $1,000 105 Btu Invested (3) Cost Ratio  (51,000)
1. Adjusted baseline 462,846 -- - - -- -— - -
2. Daylighting 445,692 4 1 431 103.6 4,489 1.0 0
3. Trombe wall 452,89 2 3 250 15.0 18,857 2.846 35
4. Sunspace for test 460,856 1 1 50 15.0 3,771 3.244 -8
cell classrooms
5. Active sslar heating 423,920 8 13 978 15.0 73,766 3.640 195
6,000 ftc,
10,800 gal.
6. Solar OHM, 120 ft2, 461,134 1 0 43 24.1 2,021 1.000 0

215 gal.



Foer A
ECTP ECONOMIC ANALYSIS SUMMARY

Location: CoctleomuA- Thoe - e Y <A
Projest: .~ e b bty
IATULE T S P DY T
Yconomic Life: /= Vrs. Date Prepared s /2 Prepareb by — =
COSTS _
T. Ranerecurring lnitia) Cepits) Costs:
8. Cnf $ 7 Y6
b. Design $ 1 227
c. Soligos $ ar
d. Yota) I o223
BENEFITS
2. Recurring Benefit/Cost Differential Other Than Energy:
8. Annual Labdr Decrease {¢)/Increase (=) 3_::_2_@__51_&_
b. Annual Materia) Decrease (+)/Incresse (=) $ yr.
€. Other Annual Decrease (¢)/Increase (-) ) r.
d. Totsl Costs §_— atra [yr.
:. 0% Discount Factor ( \ 3_____3__1%___7_ 4
. Discounted Rezurring Cost (d x ¢ = ;Z. 5
3. Rezurring Energy Benefit/Costs:
a. Tyoe of Fuel:_ = .| C .|
Ig Annys! Enerqs Decrease (¢)/Increase(-) =~ 4.5 M7y
?¢) Cost per M5TU $ = 7= J/¥5T
1) Annus) Dollar Decrease/Increase ({1)x(2)) $-cr.x lir.
4) Differentia) Escalation Rate (& _%)Factor 2 13
5) Discounted Dollar Decrease/Increase(d)x(4) $ -2 .2
b. Type of Fuel: g, m-- i 4.,
{i Annual Energy Decresse (+)/Increase (-) st M3TU
2) Cost per MBTU § 207 _[MBIU
3) Annutl Dollar Decrease/Increase ({1)X(2)) $ 3 Yr,
§) Differentia) Escalation Rate { _2i_8) Factor 2w P
§) Discounted Dollar Deirease/Increase ((3)x(4)) $ 12 44
¢. Type of Fuel: T
1) Annysl Energy Detrezse (¢)/Tncrease (-) MBI
2} Cost per MBTY $_ MBIY
3) Annusl Dollar Decrease/Increase ((1)x(2)) $ v,
4; D{fferentisl Escatation Rate {__3) Factor
§) Discounted Dollar Decrease/Increase {{3)x{4)) $
A e R O () T
nusl Energy Decresse (¢)/increase (-
2; Cost per MBTU $ 7“73—
3) Annual Dollar Decrease/Increase {(1)x(2)) $ re_
l§ Differential Escalation Rate (__%)Factor
§) Discounted Dollar Docrease/increase ({(3)x(4)) ]
e. Discounted inew{ Benpfits (3a(5)*db(5)+dc(5)+20(5)) }' 12
4, Toral Benefits (Sum NJJ
§. Ofscounted Benefit/Cost Ratio (Line 4eline 1d) ) 09
6. Total Annual Energy Savings (3a{))e3n(1)edc(1)+34(1)) :LJE_I_PMN...
7. E/C Ratto (Line 6 + Line Ya/1000) ,
8. Annual § Savings (20+3a(3)e3b(3)e3c(3)+3d13)) 3
§. Pay-back Perfod ((Line Ya « Salvape)eline B) LIS oy
1y L.\':(' - C\Jcl(‘. Ce:- (L\\‘r b L \) 2 I >

93



For A-)
ECIP ECONOMIC ANALYSIS SUMMARY

Location: Ceoteradr Soln e o~

FY Sa

Projest: ~/o. . l.. Jm-_qfnqj .

ore Tlhmewwrd iy, . pe, ;
Yconomic Life: & Yrs, Ete Prepared 34 i Pnpand by

94

T~
. COSTS
on-recurring Initia) Capital Costs:
g, Cwt $ 211 447
b. Design § 2.8 /45
c. Sonrnlunae $ =
d. Tota) o 32 LI
BENEFITS >
2. Recurring Benefit/Cost Differential Other Than Energy:
a. Annyusl Labor Decrease (¢)/Increase (-) $—4 19/ /Yr.
b. Annual Katerial Decrease (¢)/Increase (-) $ o _[vr.
c. Other Annual Decrease (¢)/Increase (=) $ e Jyr.
d. Total Costs $ -4 .19\ /Yr
:. ;o' Discount Factor ( ) $__1. qec; »
fscounted Rezurring Cost (d x e - 22 4
3. Recurring Energy Beneﬂt/(‘mtr
8. Tyve of Fuel: =i~y =
1; Annus) Energy De.reueTOT/In.ruu( )
2) Cost per M5TU
3) Annus) Dollar Decrease/Increase ((1)x(2))
4) Differentia) Escalation Rate (= %)Factor
5) Dizcounted Dollar Decnuc/lncrun(a)x(a) $ 40 &8
b. Type of Fuel: €1 :
{? Ann.a! ?_y ncrease (-) - MBTU
2) Cost per MBTU 3ﬁIE’ I I
3) Annua) Dollar Decrease/Increase ((1)x(2)) $_rome .
4) Differentia) Escalation Rate (_7_8%) Factor 12 2.7 %
§) Discounte¢ Dollar Decresse/Increase ((3)x(4)) $_22 wR%
¢ T{De ::\ Fu:\,r - o7 () MBTU
nud) Energy Decrecse (e)/Increase (-
2) Cost per MBTU $ HETY
3) Annual Dollar Decrease/Increase ((1)x(2)) s W ATN
4) Differentia) Escalation Rate (__3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. 1{" of Fuel:
Annua) Energy Decrease (+)/increase () ﬁ'f!,
2) Cost per MBTVY s 1
3) Annua) Doller Decrease/Increase ((1)x(2)) $ ATTE
4) Differential Escalation Rate (__%)Factor
§) Discounted Dollar Dncn:u:/ghcri(;sca(g;::(“zzn s % o4
9. Discounted Energy Benefits (3a(5)¢3b(5)¢3c d !1 7,
4. Tots) Benefits gstm ;Mles “A£3 460
6. Ofscounted Benefit/Cost Matio ’UM deline V¢) 1959
€. Tota) Annua) Energy Savin s (Jc l)nb(Uﬂt(\)'Jd(n) K N B
7. E/C Ratdo (Line 6 ¢ Line
8. Arnua) § Savings 526030(J)OJD(J)OJc(S)‘““)) $ 1=}
9. Pay-dock Period ({(Line Yo = Salvape)eline B) e 25
o, Uie-cycle Cout (Live d -4 - 2e) S - 226,848



Foe A
ECIP ECONOMIC ANALYSIS SUMMARY

:ouﬂon: D e\ —l.- A TS FY &4
roJ!::t: N/ S s o >~_c_k_\t
Ty - ‘t i UL‘*'\C\IIQ Ml’.
conumig T2 VP, Date Prepared _<r /s Prepared by T P
TesTs
T. honerecurring Inftia) Capital Costs:
8. Cwt $ A7 047
b- &Sigﬂ ’ 'Lé (o &5
c. Solugo e s =
d. Total - S22 17
BNEFITS
2. Recurring Benefit/Cost Differential Other Than Energy:
8. Annual Labor Decrease (¢)/Increase (-) $ —4 214 /Yr
b. Annual Materia) Decrease (+)/Increase (-) s o [yr
c. Other Annual Decrease (¢)/Increase (-) $ o _Jvr.
d. Tota) Costs $ —4. 2724 [yr
e. 0% Discount Factor ( ) $ 2 c-ld%
{. Discounted Rezurring Cost (d x e -4 1T
3. FRe:zurring Energy Benefit/CostS'
a. Tyve of Fuel: T ~t! =i
l; Annual Energy Decrease (+)/Increase(-) 26/  METY
2) Cost per MSTU = 6 [rSTU
3) Annud) Dollar Decrease/Increase ((1)x(2)) 8_,;1,:5;;_LL;___
4) Differentis) Escalation Rate (g_%)Factor PRI
5) Discounted Dollar Decrease/Increase(3)x(4)  IEE T Y~
b. Type of Fuel: C..r v ndy
i{i Annua) Tnergy Decrease (+)/increase (-) i MBTU
2) Cost per MBTY $ = o7 (MBI
3) Annusl Dxllar Decrease/Increase ((1)X(2)) | T e,
4; Differential Escelation Rate ( 7_3%) Factor 1@
§) Diszounted Dollar Decrease/Increase ((3)x(4)) $ 4 /7
¢. Type of Fyel: 4
1) Annudl Energy Decretse (¢)/Increase (-) MBTY
2) Cost per MBTU | _ JMBTU
3) Annua) Dollar Decrease/Incresse ((1)x(2)) 3 AT
4) Oifferentis) Escelation Rate (__3) Factor
§) Dissourted Dollar Decrease/Increase ((3)x(4)) s
d. Type of Fuel:
1) Annua) Energy Decrease (¢)/increase (-) T
2) Cost per MBTU $ U
3) Annyal Dollar Decrecse/Increase ((1)x(2)) $ Yr._
l; Differentis) Escalation Rate (__%)Factor
§) Dfscounted Dollar Decrsase/increase ((3)x(4)) $
e. Discounted nerg‘ lcn fits (3a(5)¢3b(5)¢3c(5)edd(5)) ; YR
4. Tota) Benefits (Sum 2143 430
6. Discounted Benefit/Cost Iatio $L1nc diline 1¢) —_—i 0
6. Total Annua) Energy Savings (30 1)¢Jb(1)¢3c(1)0ld 1)) PACTHAYRI Y AN
7. E/C Ratio (Line 6 & Line 1a/10 D
8. Annusl § Savings ildu‘ll(3)‘Jb(3)03c(3)¢3d(3)) $ 22 ¢56
9. Pay-back Pertod ((Line 1a - Salvage)eline 8) ayr
16 '-'JC.-::-‘\C Ce it (Ln\ e !'d - ‘-~") s___:_i'("_':IB___
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Foxr A
ECIP ECONOMIC ANALYSIS SUMMARY

Location: Colerade Jaoenmas (o

_FY__&2

Projezt: Aoy cle pceca rhchl\

LR o) D el ‘Hﬁﬂk"‘»(|
Yconomic t‘lic: 2 Yrs, Date Prepared <r/e2 Prepared by PO

L0375
T. HNon-recurring Initia) Cepital Costs:
a. Cwe $ & 96
b. Design $ B¢ 7
c. "—‘>u9|0a 2 $ 2
d. Tota $ 423
BENEFITS -
2. Recurring Benefit/Cost Differentia) Other Than Energy:
2. Annud) Labar Decrease (¢)/Increase (-) $ - /44 [Yr
b. Annual Materia) Decrease (¢)/Increase (-) $ o fr
¢. Other Annual Decrease (¢)/Increase (-) S o  Jr
d. Total Costs § =144 _JVr
e. 10: Discount Factor $§ 4524
f. Discounted Rezurring Cost (d x e) $§ -/ 272
3. Recurring Energy Benefit/Costs:
a. Tyoe of Fuel: "~ =i = |
1; Annus) Tnerg. Decrease (¢)/Increase(-) - 3.7 METU
2) Cost per M5TU $§ /278 (Y
3) Annual DoYlar Decrease/Increase ({1)x(2)) $-4 2 ce [T,
4) Differentia) Escalation Rate %)Factor 0. 080
§) Discounted Dollar Decrease/Increase(3)x(4) $ -4 26
b. Type of Fuel: .~ ’
{§ Annual Energy ncrease (-) , =40  WBTU
2) Cost per MBTU § 2 ¢c- [MBTU_
3) Annusl Dollar Decrease/Increase ((1)x(2)) $ = =4 /ir,
4; Differentia) Escalation Rate ( 7_3) Factor WYX
5) Discounted Dollar Decrease/Increase ((3)x(4)) S 4D
c. Type of Fuel:
1) Annua) Energy Decrecse (*)/Increase (-) MBTU
2) Cost per MBTU _fMBTU
3) Annus) DoYlar Decrease/Increase ({1)x(2)) $ J AT
4; Differentia) Escalation Rate (__$) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel;
1) Annua) Tnergy Decrease (+)/incrvase (-) BT
2) Cost per MBTU $ TV
3} Annus) Dollar Decrease/Increase ((1)x(2)) $ JAT
4) Differentta) Escalation Rate (__%)Factor
6) Discounted Dollar Decrease/increase ((3)xi4)) !
¢. Discounted nerg! Bengfits (3a(5)¢3b(5)*3c(5)e3d(5)) v} -
4. Tote) Benefits (Sum 2fele y
5. Dfscounted Benefit/Cost Matio iLine diline 14) 08 ©
6. Tota) Annua) Energy ch1ngs (3a(1)e30(1)¢3c(1)+34(1)) 2 Mt
7. E/C Ratfo (Line 6 + Line 1a/1000)
8. Annual § Sevings szam(J)o:b(:)o:c(a)mts)) L _ezo
9. Pay-back Perdod ({Line 1o - Salvage)sline 8) 5 g
e . Lust-Cjclg Comt CL.'.V-\Q 1d -2f- ?Jc) o

96



roem A-)
ECIP ECONDMIC ANALYSIS SUMMARY

Locatfon: Zo-lc el 0 Tyt o oo Fy o< &
Project: /.~ .lo.i<c-c il
P —avepid pard Con~ior Lo

tconomic Life; , = Yrs. Date Prepared o /22 Prepared by — . —

Lot

[. hon-recurring Initial Capital Costs:
a. (nf § 1247 tu7
b. Design $ 14 Sex
€. Sl $ P
¢. Total

BENIFITS

2. Recturring Benefit/Cost Differentia) Other Than Enerpy:
. Annusl Labor Decrease (+)/1lncrease (-)

. Annua) Materia) Decrease (+)/Increase (-)

. Other Annual Decrease (¢)/Increase (=)

. Total Costs

. 10% Discount Faztor

. Discounte? Rezurring Cost (d x e)

ecurring Energy Benefit/Costs:

. Tyoe of Fuel: — 1 |

Annue) Energ. De:ressz (+)/lnzrezse(-)
fost per METV

Annua) Dollar Decrease/Increase ((1)x(2))
Differentia) Escalation Rate (S %)Factor
Discounted Dollar Decrease/Increase(3)x(4)
of Fuel: = A )

Annua)
Cost per MBTU
3) Annual Dollar Decrease/Increase ((1)X(2))
4; Differentia) Escalation Rate (7__%) Factor
Discountec Dollar Decrease/lncrease ((3)x(4))
of Fuel:
1§ Annusl Energy Decrecse (e)/Increase (-)

8
b
t
d
e
{
R
[}

Cost per MBTU

Arnusl Dullar Decrease/Incress2 ((1)x(2))

4) Differentia) Escalation Rate (%) Factor

5) D;s;ou?ted DoYlar Decrease/Increase ((3)x(4))
of Fuel:

1; Annua) Energy Decrease (¢)/Increase (-)

Cost per MBTU

Arnua) Dollar Decrease/Increase ((1)x(2))

4; Differential) Escalation Rate (__%)Factor
Discounted Dollar Decrease/Incresse ((3)x(4))

e. Discounted inergz Benefits (3a(5)¢3d(5)¢3c(5)34(5))

4. Tots) Benefiss (Sun foles

5. Discounted Benefit/Cost Ratio iLinc 4:L1ne 14)

6. Tota) Annua) Energy Savings (3a(1)e3b{1)¢3c(1)+34(1))

7. E/C Ratfo (Line 6 + Line 1a/1000)

8. Annual § Savings 226030(J)OJb(J)OJc(l)‘ld(J))

9. Pay-bazk Period ((Line 1o « Salvape)eline B)

T2 wife -C‘dclc Ce_t (\—"V\L‘ id - 'J—’L-"-'CB

97

$-29 o= [¥r.

c _[fyr.
$ o /Yr.
$-2.7 o= fYr.
§_c25:-4
I—xv@)qee
2 T4C  METY
$ = .~ = /MsTU
$ o o fir,
F <IN < Ve
$ S == ¢cFP2
e /2 W3TY
$_ = o7 JHBIU
$ =~ 2 /Yr.
LA
o= o 4
MBTU
$ —/HBTU
$ J AT
i
TU
) U
$ r.
L
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Fort Al
ECTP ECONOMIC ANALYSIS SUMMARY

Lloeation: ~ _iorcdem Toomaioig FY =4
'NJC:t VTR
Narere 3 N@odilroaes Basce i,
teonomic Lifel 2= Yrg, Date Prepared s jp3  Prepared by 1 P
CDSTS .
T. Non-recurring Initia) Cepita) Costs:
8. Cnt § _sce e4s
b. Design | N
c. oyl e T W , -y
d. Total v e ol
BENEFITS - - i

2. Recurring Benefit/Cost Differantia) Other Than Energy:
a. Annusl Lapor Decrease (+)/Increase (-)
b. Annua) Materis) Decrease (+)/Increase (-)
€. Other Annual Decrease (¢)/Increzse (-)
d. Tota'! Costs
€. 10: Discount Factor
f. Discounted Rezurring Cost (@ x e)
Rezurring Energy Benefit/Costs:
a. Tyve of Fuel: =ur | &
1; Annusl Energy Dezrease (¢)/increase(-)
Cost per M5TU
2} Annual Dollar Decrease/Increase ((1)x{2))

Differentia) Escalation Rate ( £ I)Factor

Discounted Dollar Decreasz/Increase(3)x(4)

b. Type of fuel: d
{i Annual Energy
2) Cost per M3TV
3) Annual Dollar Decrease/Increase ((1)X(2))

4; Differentia) Escolation Rate ( 7_3) Factor
Discounted Dollar Decrease/Increase ((3)x(4))

c. Type of Fyel:

lz Annual Energy Decrecse (+)/Increase (-)

+)/Increase (-)

Cost per MBTU
Annua) Dollar Decrease/Increase ({1)x(2))
Differentia) Escalation Rate (__$) Factor

5) Discounted Doilar Decrease/Increase ((3)x(4))
d. Type of Fuel:

1) Annua) Energy Decrease (¢} /Increase (-)

2) Cost per MBTU

3) Annual Dollar Decrease/Increase ((1)x(2))

4) Differential fscalation Rate (__%)Factor

§; Discounted Collar Decrexse/Incresse ((3)x(4))
e. Discounted nergz Benefits (3a(5)¢3b(5)¢3c(5)*34(5))
4. Tota) Benefits (Sum efele
5. Discounted Benefit/Cost Ratio (Line &eline 14)
3. Tots) Annua) Energy Savings (3a(1)edd(1)+3c(1)e3d(1))
]

« E/C Ratio (Line 6 + Line 1a/1000)
. Annual § Savings 526030(3)‘Jb(3)03c(!)‘3d(3))
9. Pay-back Period ({Line Yo = Salvape)sline B)

1o, Wi¥e-cyele Cogt (Lina 1d ~2F-3e)
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ECTP ECONOMIC ANALYSIS SUMMARY

Location: . \-— .., .- T FY
Projest: p - - toecr g o~
ST AN Ly S A - Ul =t W TR - Vol 8
Eeonomic Lifel <x Yrg, Dste Prepared s ' c- Prepared by —._ ™
LOSTS
T. hon-recurrinpg Initia) Capita) Costs:
a. Cnt $ ¢4 sL2c
b. Design $ AN
c. T-‘—'lv‘.u:ch $ = v
¢. ota E0, 1B
BINEFITS
2. Recurring Benefit/Cost Differentia) Other Than Energy:
2. Annual Labor Decrease (+)/Increase (-) S;f_gﬁ_ﬁ_f!;;_
b. Annug) Materis) Decrease (+)/Increase (-) $ < Yr,
¢. Other Annua) Decrease (¢)/Increase (=) $ o _fyr,
d. Total Costs §-+ 300 J¥r,
e. 10% Discount Faztor § 1 -4
f. Discounted Rezurring Cost (d x e) ¢ B39
3. FRecurring Energy Benefit/Costs:
8. Tyoe of Fuel: [~ | o)
1; Annual Energy Decrease (¢)/Incresse(-) ~ METU
2) Cost per MSTY $ - - MU
3) Annua) Dollar Decrease/lncrease ((1)x(2)) $ AT
4) Differentia) Escalation Rate (=_%)Factor IR
5) Discounted Dollar Decrease/Increase(3)x(4) $ o
b. Type of Fuel: YZle-~ .o d
i{i Annual Energy Decrease (+)/Increase (-) 4 1.c MBTUY
2) Cost per MBTVY $ _=.c7 [MBTU
3) Annual Dollar Decrease/Inzrease ((1)X(2)) $§_14 ace fYr,
4; Differential Escelation Rate ( 7_%) Factor e -4
5) Discounted Dollar De:zrease/Increase ((3)x(4)) T
¢. Type of Fuel:
1) Annual Energy Decrecse {¢)/Increase (-) MBTU
2) Cost per MBTY $ _[MBTU
3) Annudl Dollar Decrease/Increase ((1)x(2)) 3 JAT
4) Differentia) Escalation Rate (_3) Factor
£) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel.
1) Annua) Energy Decrease (¢)/Increase (-) MBTU
2) Cost per MBTU $ — JWgYY
3) Annus) Dollar Decrease/Increase ((1)x(2)) $ JATE
4) Differential Escalasion Rate (__%)Factor
§) Dfscounted Dollar Docrease/Increase ((3)x(4)) ¥
e. Discounted Energ Benefits (3a(5)¢3b(5)¢3c(5)*3d(5)) L
4. Total Benefits (Sum ffﬁle) 112 |50
5. Discounted Benefit/Cost Ratio funo diline 1d) ——n @
€. Tota) Annua) Energy $av1ngs (3a(1)e3b(1)+3c(1)+34(1)) .A.ZEL‘.S‘ MBA A
7. E/C Ratdo (Line 6 + Line 12/1000) . AeZ
0. Annual § Savings (2c+3a(3)e3d(3)e3c(3;434(3)) $_c o«
9. Pay-back Perfod ({Ltne Ya - Salvape)eline B) NEN L
16, mfeCycle Cotd (Lina Vd-wF- e ¢ - @
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ECTP ECONOMIC ANALYSIS SUMMARY

tocation: - \~-aclr T~rianz FY <2
Projests /g e proaccr oyl
; = UL A U R ek L B _qi" \A_x-"nr_walﬁ':-
Yconomic Life: —= Yrs. Date Prepared 3 2= Prepared by . .©
COSTH
T. hon-recurring Initial Ccpital Costs:
a. Cwt $ ¢~ -
b. Design $ - >
c. Soalia oy 3 -.
¢. Yotal y —- -
BENEFITS
2. Recurring Benefit/Cost Differentisl Other Than Energy:
8. Annual Labor Decrease (¢)/Increase (- $ -/ c24 [Yr
b. Annual Materia) Decrease (+)/Increase () $ 5 WAL
¢. Other Annus) Decreaase (¢)/Increase (-) $ < JAL:
d. Totsl Costs $ _ - 22 [¥r
e. 0% Discount Factor § < =24
f. Discounted Recurring Cost (d x e) | A
3. Recurring Energy Benefit/Costs:
a. Tyove of Fuel: = i ¢ .|
‘I; Annual Energy Decresse (+)/lncrease(-) e METY
2) Cost per MBTU L. T & 5
3) Annua) Dollar Decrease/Increase ((1)x(2)) $ AT
4] Differentia) Escalation Rste (& %)Factor oo
5) Discounted Dollar Decrease/Increase(3)x(4) $ | 1o
b. Type of Fuel: cicrdriod
{? Annual Tnergy Decrease (+)/Increase (-) e MBTU
2) Cost per MBTV $ - .- [MBIU
3) Annual Dollar Decrease/Increase ((1)X(2)) $ o o [Yr
4; Differentia) Escelation Rate ( Y
5) Discounted Dollar Decrease/Increase ((3)x(4)) TR
A T e o MBTU
nual Energy Decreese (e)/Increase (-
Zi Cost per MBIV $ MeTu
3) Annus) Dollar Decrease/Increase ((1)x(2)) 3 Yr.
4) Differentia) Escalation Rate (__3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $ -
d. Type of Fuel:
1) Annus! Energy Decrease (¢)/Increase (-) TU
2) Cost per MBTU $ U
3) Annua) Dollar Decrease/Increase ((1)x(2)) $ JYr,
4) Differentia) Escaletion Rate (_%)
§) Discounted Dollar Decr:ut/lngrz;;e (((:)):(‘2;)) L 1
e. Discounted Energy Benefits (3a(5)¢3b(5)+3c(5)+3d —!_ﬁ-l—fﬁ-' =%
4. Tota)l Benefits '(‘Surn 5m=§ LT
§. Discounted Benefit/Cost Ratio (Line 44line 1d) .4l
€. Tots) Annua) Energy Savings (3a{1)e3b(1)+3c(1)+3¢(1)) 708 Mk
7. E/C Ratfo {Line 6 + Line 12/1000) =
0. Annual § Savings szma(J)o:b(:)osc(s)ﬂd(a)) $§ = 539
9. Pay-back Period ((Line 1o - Salvage)eline 8) SE3 yee

10, de- Cycle Cost (Liva Ad-24-2e)
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ECTP ECONOMIC ANALYSIS SUMMARY

Location: To\meadr T e s o O FY _—4&
Pr‘ojc't A'-— Eioeoo  feconden
A L VP T S I S
IconomTife L2z Yrs, Date Prepared =/ =, Prepared by . r~
| ]3¢9
T. hon-recurring Initial Capita) Costs:
8. Cnt $ = -
b. Design Yy
c. oy \U:\ S s —
¢. Total B AT
BINIFITS
2. Recurring Benefit/Cost Differentia) Other Than Energy:
&. Annua) Lador Decrease (+)/lncresse (-) $ — = JYr
b. Annua) Materia) Decrease (+)/Increase (-) s c [Yr.
c. Other Annua) Decrease (¢)/Increase (=) $ = [Yr.
d. Total Costs $ — -~ JYr.
e. 10% Discount Factor § o =z4
f. Dfscounte¢ Rezurring Cost (¢ x e) == <2
3. Recurring Energy Benefit/Costs:
.. Ty'oeofFue\ Foe i~
Annusl Energ. Dezrease (+)/Increase(-) RS METU
Cost per M5TU $ - ;.'= [HsTU
Annual Doliar Decrease/Increase ((1)x(2)) $ oz fYr.
Differential Escalation Rate (_c_%)factor P
Discounted Dollar Dezrease/Increase(3)x(4) $ ¢ oo
7 of Fuel: c -t r iy ..
}{? 2anua) Energy Decreue («)/Increase (-) - 47 M3TU
2) Cost per M3TU $ - -~ [¥Btu
3) Annual Dollgr Decrease/Increase ((1 x(2)) $ —a4a [Yr.
4; Differentfa) Escalation Rate (___3%) Factor Lm o4l
5) Distounted Dollar De:reue/lncruse ((3)x(4)) $ —- . ~ry
c. Type of Fuel:
1) Annug) Energy Decrecse (*)/Increase (-) MBTU
2) Cost per MBTY $ 81U
3) Aanual Dollar Decrease/Incresse ((1)x(2)) 3 Jyr.
4) Differentia) Escalation Rate (__3) Fac®yr
5) Discounted Dollar Decrease/Increase ((3)x(4)) 3
d. Type of Fuel:
1* Annua) Energy Decresse (+)/increase (-) MBTU
2) Cost per MBTU $ U
3) Annusl Dollar Decrease/Increase {((1)x(2)) $ JATR
4) Differentis! Escalation Rate (_%)Factor
5) Discounted Doliar Decrease/Increase ((3)x(4)) ¢
e. Discounted inergg Ienefits (3a(5)¢3b(5)¢3c(5)*3d(5)) };_:’_i.&vl
4. Total Benefits (Sun 2f+3 2L bt 2
§. Discounted Benefit/Cost htio fUne 4iline V) Salld
6. Tota) Annua) Energy Savings (3. ‘)OJbU)‘JC(T)*Jd(U) Bde
7. E/C Ratfo (Line 6 + Line 13/100 Lo
8. Annus) § Savings EZaoJa(J)*Jb(a)dcmﬂd(ﬂ) $.3, 249
9. Pay-back Period ((Line 1a - Salvape)eline B) )
o . L-\"F-C.d:*lc Jee & (\_\\\e i1d- f - fc.‘\ 5-—53-7-155'—'
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ECIP ECONOMIC ANALYSIS SUMMARY

I.oution: (elem e Tomemionn 0D B ) (Y-S
Project v_u,, bre ~ bin
. =
Ronom\c 11F.~ 2o Yrs, Dete Prepared_c/z; Prepared by T o
TOTTS
T. hon-recurring Jnitial Capital Costs:
a. Cwf $  —:- oo
b. Desinr $__o- oo
¢. Saloao- $ Z
d. Total I oS see-
BENEFITS
2. Recurring Benefit/Cost Differentia) Other Than Energy:

Annual Labor Decrezie (+)/Increase (-)

b. Annual Materia) Decrease (+)/Increase (-)
c. Other Annual Decrease (¢)/Increase (-)

d. Total Costs

e. 103 Discount Faztor
f

R

6.

Discounted Recurring Cost (d x e
ezurring Enerpgy Benefit/Costs:

T_Y'DQ Of FU!‘ =y o~ Ny

:

5)

Differential Escelation Rate ( 7%

Annual Energ. Decrease (+)/lncrease(-)

Cost per M5TV

Annual Dollsr Decrease/Increase ((1)x(2))
Differentia) Escalation Rate (&_%)Factor
Discounted Dollar Decrease/Increase(3)x(4)
of Fuel: Eie 4k

Annua! Energy Decrease (+)/Increase (-)

Cost per MBTU

Annual Dollar Decrease/Increase ((1)x(2))
Factor
Discounted Dollar Decrease/Increase ((3)x(4))
of Fuel:

Annus) Energy Decrecse (¢)/Increase (-)

Cost per MBTY

Annual Dollar Decrease/Increase ((1)x(2))
Differentia) Ficalation Rate (__3) Factor
Discounted Dnllar Decrease/Increase ((3)x(4))
of Fuel: -

Annua) Energy Decrease (¢)/Incress: (o)

Cost per MBTU

Annual Dollar Decrease/Increase ((1)x(2))
Differential Escalotion Rate (__%)Factor
Discounted Dollar Decrease/Increase ((3)x(4))

e. Discounted Energg lencfits (2 (5)435(5)+3c(5)+3d(5)) G, crL
Tota) Benefits (Sim 2f¢)

Discounted Benefit/Cost lstlo EUM deline Vd)
Total Annua) Energy Savings (3a 1)03b(1)¢3c(1)03d(1))
E/C Ratio (Line € + Line 1a/1000)

Annual § Saviags izaoh(3)03b(1)03c(3)‘36(3)) $ . o 503
Pay-back Period ((Lfne Yo - Selvage)eline B) '

C.\q(‘\b C_{N..*-(L"‘\( 'd 4r—dC\
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ECIP ECONOMIZ ANALYSIS SUMMARY

Location: 7 V- o L. " Y =~
4 s HEEN T oy aues
e T s —
Ecoromic Life: ».:—Vrg, Dete Pre;ared -t /o~ Prepared by — »
LO575
I, hon-recurring Initfa) Capita) Costs:
8. Cn s = - -
b. Design | AN
€. Lliyons $ —
¢. Tota) i oleT e
BINEFITS
2. Recurring Benefit/Cost Differential Other Than Energy:
8. Annual Labsr Dezrease (¢)/Inzrease (-) $ - o— =~_I¥r.
b. Annua) Materia) Decrease (+)/lncrease (-) $ = FALR
¢. Other Annual Decrease (+)/Inzrease (=) $ = [yr.
d. Total Costs N AL
e. 10: Discount Faztor ( ) $ __= :‘w? —-
f. Discounted Rezurring Lost (¢ x e ' S
3. Rezurring Enerpy oenefit/tosts
q. Tybe of Fuel: x-.~" ~
; Annual Energs De.rense (*)/increase{-) s o METY
2) Cost per MSTU $ = -= [MTU
3) Annual Dollar Dezrease/Increase ((1)x(2)) $ - -2 45 /Yr,
4) Differentia) Escalation Rate (= %)Factor PR
5) Discounted Dollar Decrease/Increase{3)x(4) TR
b. Type of Fuel: =ieede - 4
i{i Annual Energy Decrease (+)/Increase (-) C s WBTU
2) Cost per M3TU $ - - /MBTU
3) Annual Dollar Decrease/Increase ((1)x(2)) $S_ <~ [ir
4; Differential Escalation Rate { 7__%) Factor (B, sest
5) Diszounte¢ Dollar Decrease/Increase ((3)x(4)) $ . gn scoo
€. Type of Fuel:
1) Annual Energy Decretse («)/Increase (-) BTV
2) Cost per MBTV F /MBTU
3) Annus) Dollar Decrease/Incresse ((1)x{2)) $ [ir.
4) Differentis) Escalation Rate (__%) Factor
5) Dfscounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
\; Annua) Energy Decrease (¢)/Increase (-) MBTU
2) Cost per MBTU s JRsTU
3) Annual Dollar Decrease/Increase ((1)x{2)) $ FATS
4) Differentia) Escalation Rate (__%)Factor
§) Discounted Dollar Decrease/increase ((3)x(4)) L
e. Discounted Energ Benefits (3a(5)+3b(5)¢dc(5)+3d(5)) L8231
4. Total Benefits (Sun iHJe C oSl 960
5. Discounted Benefit/Cost Rntio SUM &1l ine 1d) M
6. Totsl Annua) Energy Savings (34 1)¢3b(1)+3c(1)+34(1)) a2 475 wedaw
7. E/C Rotfo (Line 6 + Line 1a/1000) Jeoo43
e. Annual § Savings 2d¢3.(")‘Jb(J)dc(J)‘JdU)) $2cs 08
9. Pay-back Perfod ((Ltfne Ya - Salvape)sline B) G CPT e
o Lite-Cucle Conk (Live 1 l-24- f") S 4 ND 974
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ECTP ECONOMIC ANALYSIS SUMMARY

FY_c4

T Xl
—r

Date Prepared_qg/=: _ Prepared by o0

COSTS
T. Fan-Eesurring Initia) Cepital Costs:
8. Cw
b. Design
c. S o
g. Tota)
BENEFITS -
¢. Recurring Benefit/Cost Differential Other Than Energy:
a. Annudl Labor Decrcase (¢)/Incr-ase (-)
b. Annua) Materia) Decrease (+)/Increase (-)
c. Othe: Annua) Decrease (¢)/Increase (=)
d. Total Costs
e. 0. Discount Faztor
f. Discounted Recurring Cost (d x e)
3. Recurring Energy Benefit/Costs:
. Tyve of Fuel: g .~y ~ .\
1; Annual Energy Decrease (¢)/increase(-)
2) Cost per MBTU
3) Anncy) Dollar Decrease/Increase ((1)x(2))
4) Differentia) Escalation Rate (=_%)Factor
5) uiscounted Dollar Decrease/Incresase(3)x(4)
b- ’ t Of FU!\: = L*" e |i ¥
{i Annua) Energy Decrease (+)/increase (-)
2) Cost per M3TU
3) Annual Doldlar Decrease/increase ({1)X(2))
4) Differentia) Escelation Rate (2 _3) Factor
5) Discounte¢ Dolla" Dezrease/Increase ((3)x(4))
c. Type of Fuel:
1) Annud) Energy Decrecse (*)/Increase (-)
Z2) Cost per MBTUY
3) Annual Dollar Decrease/Increase ((1)x{2))
4) Differentfa) Escalation Rate (__3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4))
d. T{pc of Fuel!
Annut) Tnergy Decrease (+)/increase (=)
2) Cost per MBTV
3) Annus) Dollar Decrease/Increase ((1)x(2))
4) Differentia) Escalation Rate (_S)Factor
§) Discounted Dollar Docrease/Increase ((3)x(4))
e. Discounted inm; mf"“ (3a(5)+3b(5)+3c(8)*3e(8))
4. Tota) Benefits (Sun ef+le
$. Discounted Benefit/Cost Ratio ’L1nc deline V)
6. Tota) Annual Energy Savings (3a{1)edd(1)e3c(1)+3¢(1))
7. E/C Ratio (Line & & Line 12/1000)
8. Annus) § Savings $260Jo(3)‘3b(3)03c(3\¢)d(3))
9. Pay-back Period ((Line Yo = Salvape)eline B)
= uﬁc-cdcu.Co&*(aneid-zt.ae\
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ECIP ECONOMIC ANALYSIS SUMMARY

Location:  “cieior e T s L FY &
Projest: A~ Eocve bic ool
p 7 |2 TS T U]
tconomic Life: . —Yrs, Date Prepared_~/cz_ Prepamed by~ &
LTS
hon-rezyurring Inittal Capitel Costs:
a. Caf s b L=
b. Design H RIS
c. Tw \'\w\— $ a}
¢. ote 2. 124 =t o
BINEFITS '
2. FRezurring Benefit/Cost Differentia) Other Than Enpgrgy:
8. Annua) Labor Dezrease (+¢)/Increase (-) $-4 1z JYr.
b. Annua) Materia) Decrease (+)/Increase () H I~ il:
c. Other Annyal Decrease (¢)/Increase (-) $ o Jir,
d. Tota) Costs $-4, =21 JYr
e. 10% Discount Factor H @ 524
f. Discounted Recurring Cost (d x e) IR R
3. Recurring Energy Benefit/Costs:
8. Tyve of Fuel: r—. ., ¢
1; Annual Energs De:reue (+)/1lncrease(+) 7 - METU
2) Cost per MSTY $ - = B
3) Annua) Dollar Decrease/Increase {({1)x(2)) $ - . ac fYr,
4) Differentia) Escalation Rate (= _f%)Factor ac . C5C
5) MNiscounted Dollar Decrease/Increase(3)x(4) $ [ Fri owga
b. Type of Fuel: e te-dond
2{3 Annua) Energy Decrease («)/Increase (-) '-0 MBTU
2) Cost per MBTY $ MBTU
3) Annua) Dollar Decresse/Increase ({1)x(2)) i_u:_;:;;___[[;__
4; Differential Escalation Rate ( 2_%) Factor )
§) Discountes Dollar Dezrease/lncrease ({3)x(4)) 3 Fa'? Y-y
c. Type of Fuel:
1) Annyal Hergy?e:ruu (e¢}/Increase (-) MBTY
2) Cost per MBTY $ — JMBTU
3) Annual Dollar Decrease/Increase ({1)x{2)) $ Yr =
4) Differentis) Escalation Mate (__3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
(1) Annual Energy Decrease (¢)/Increase (-) ﬂTQ
2) Cost per MBTU ) 1
3) Annual JolYar Decrease/Incresse ((1)x{2)) $ WATE
4) Differential Escalation Rate (__S)Factor
5) Discounted Dollar Decrease/incresse ((3)x(4)) ¢
¢. Dfscounted nerg lpn fits (Ja(5)e3b(5)e3c(5)*d(5)) !w,u’)
4. Total Benefits (Sw el , © 3
§. Ditcounted uneﬂt/(‘mt htlo ’Linc 4eline Vd) ETY
6. Tota) Annua) Energy Savings (3a I)OJD(I)OJ:(‘l)OJdH)) 29,02 Vb
7. E/C Ratio (Line 6 + Line 1a/1000) -
8. ’nnual § Savings {26‘30(J)*Jb(!)ﬂc(!)ﬂd(l)) $ 301 423
9. Pay-dazk Period ((Ltne Yo » Salvape)eline B) L Rwe
R . 3 =4 Lz, @49
e, wde o S T S P AT S
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Fort A-)
ECTP ECONOMIC ANALYSIS SUMMARY

lbtlﬂon: 'f.-:‘\rw—:.,d-_ ST~ R L ) " A
Projest: ~va . ceofomo RV
v - a - - [ ~ e et bt - (o) e
e T Yrs, te Prepered -7/ 22 Pnpcnd by oo =
LOSTY
T. hon-recurring In{tial Capital Costs;
. g:‘! $ 244 123
b. sign 3 & ora
c. Q:‘L\Urmf_}: 3 i‘aﬁ
d. Tots 3290 _iqz
BINEFITS: '
2. Recurring Benefit/Cost Differentia) Other Than Energy:
a. Annual) Labor Decrease (¢)/1ncrease (-) | B A A
b. Annua) Mate-ial Decrease (+)/Increase (-) $ o AL
€. Other Annua) Decrease (¢)/Increase (-) $ o Jr.
d. Total Costs $ -1 77 [y,
e. 0% Discount Factor | Y]
f. Difscounted Rezurring Cost (d x e) | R

3. PRe:zurring Energy Benefit/t‘.osts:
8. Tyse of Fuel: ol

1)  Annua) Energ_ De:reue (*)/increase(-)

2) Cost per MSTV g

3) Annud) Dollar Decrease/Incredse ((V)x(2)) .

4 Differentia) Escalation Rate (€ %)Factor PR

5) Discounted Dollu- De.nue/lncnue(:!)x(l) $_ | SCF 2.2
b. Type of Fuel: . -

ﬁ Annual Energy (-) - 247 MBTY

2) Cost per MBTU $ = -7 /M3

3) Annua) Dollar Decrease/Increase ((1)X(2)) | PN Yr,

4) Differentia) Escalation Rate ( Factor LE. 4

§) Discounted Dollar Decrease/Increase ((3)x(4)) AR

c. Type of Fuel:
1) Annund Inu-?y Dezretse («)/{ncrease (-) MBTY
2) Cost per MB | ~ /MBTU
3) Anrnud) Dollar Decrease/Incresse ((1)x(2)) $ YA
¢) Differentia) Escalation Rate (__3) Factor
8) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. T{pe of Fuel:
Annua) Energy Decrease ()/Increase (=) MET
2) Cost per MBTY $ ]
3) Annua) Dollar Decrease/Increase ((1)x{2)) $ I-
4) Differentia) Escalation Rate (__%)Facter
§) Discounted Dollar Decr:alzISngrz;;eJ(ggtg:zgn I |
e. Discounted fnergy Benefits (3a(5)¢Id(5)edc Laq), ece
A, Tots] Benefits ihm !; s L Ll el
6. Discounted Benefit/Cost htlo Line ‘OIS"\C Yd) Dl
€. Total Annua) Energy Savings (h 1)edd() 03:(1)036(1)) T a2 bl
2. E/C Ratio (Line 6 + Line 7a/1000) L&,
0. Annual § Savings 526‘30(J)*Jb())dc(!)‘”“)) § ch b3
9. Pay-bock Period ((Lfne 1a = Salvape)eline B) Sl
- L_a':-e-C:alt Teoad (e i1d ~2F-2e) -3 _L,_Q_:.‘.E...!LB-.
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Locatdon: <~ o\eoooyle T ol oo O - FY £4
Projest:” = s1d e ote
& . Vo [AX ‘—' I T ] X AL IR |
&te Prepared_o /<2 Prepared by T
s
T. hon-recurring Initfa) Capital Costs:
8. Cwt $ 7c < Fo-
b. De;ig? : T
c. — Ur\)—-&L
¢. Total $q1ac 24
BINEFITS
2. Recurring Benefit/Cost Differentia) Other Than Energy:
2. Annual Labor Dezrease (¢)/Increase (-) $§ -5 2 JYr
b. Annua) Materia) Decrease (+)/Increase (-) $ < /yr
¢. Other Annua) Decrease (¢)/lncrease (=) $ _Jr
¢. Tota) Costs $§ -1 =y JYr
e. 0% Discount Factor §_ . g%
f. Discounted Recurring Cost (¢ x e) §-1A¢ SE4
3. Recurring Energy Benefit/Costs: '
0. Tyse of Fuel: = ! €\
1; Annysl Energy Dezrease (¢)/Increase(-) (c 4z MRTU
2) Cost per PSTU $ = e [rol
3) Annud) Doliar Decrease/Increase ((1)x(2)) $ AL
4) Differentia) Escalation Rate (= _%)Factor _ac. oG
5) Discounted Dollar Decrease/Increase(3)x(4) I
b. Type of Fuel: e ‘
{? Annua) Energy ncrease (-) o MBTU
2) Cost per M3TU $ = -~ HETU
3) Annus) Dollar Decrease/Increase ((1)X(2)) s o JATR
4) Differential Escelation Rate ( _=_%) Factor s -4
§) Discountel Dollar Decrease/Increase ((3)x(4)) $ oo
c. T.\{pe of Fu:\i 5 e (=) WETU
Annysl Energy Deirecse (¢)/Increase (-
2) Cost gcr MBTU $ JR3Ty_
3) Annual Dollar Decrease/Increase ({1)x(2)) Y AT
4) Differentis) Escalation Mate (_3) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
1) Annus) Energy Decrease (+)/1ncrease () —IGHL
2) Cost per MBTU $ 1341
3) Annusl Dollar Decrease/Increase ({1)x(2)) $ JAT
4) Differentia’ Escalation Rate (__X)Factor
§) Discounted Dollar Decrease/increase ((3)x(4)) | _
e. Discounted inergg Benefits (Ja(5)¢3b(5)*3c(5)+3d(5)) 2.1z, 94
4. Tota) Benefits (Sun ¢f+de  Laglas 240
§. Discounted Benefit/Cost Ratio (Line deline 1d) ATd
6. Tota) Annua) Energy Savings (3al1)edn(1)¢3c(1)+34(1)) o [43
7. E/C Ratfo (Line 6 + Line 1a/1000) - -
0. Annual) § Savings (2¢43a(3)e3b(3)«3c(3)+dd(3)) $ 13 m2
9. Pay-bazk Perfod ((Lfne 1a = Selvape)sline 8) gy
., k"’LC':\JC"C. Ca_-l- (Lu\r ld—l';",.ml:‘ -4 _'_,..il'.;..\l“-g-
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tocation: “odcmacl s T -t an e N <4
Project: =iyl Heuo o
").9&-(\:&" S.""H:ﬁ'l—\fl
Yconomit tt?e:,.—lu 5. Date Prepared 2/52  Prepared by__ —1
COSTS
T. HRonerecurring Initia) Capital Costs:
8. Cnf $ - o
b- DCS‘QH , d ) -l -
¢. T: 1 H ~ 3 - v
d. ote W AR
BENEFITS '
2. Recurring Benefit/Cost Differentia) Other Than Energy:
8. Annudl Labor Decrease (¢)/Increase {-) $§ - azdfYr
b. Annua) Pateria) Decrease (+)/Increase () $ 8 JATR
¢. Other Annus) Decrease (¢)/Increase (-) $ o .
d. Tota) Costs $ - 224 [Yr
e. 10% Discount Factor $ _1.9p0
f. Discounted Rezurring Cost (¢ x e) |
J. Re:zirring Energy Benefit/Losts:
0. Tyoe 0f Fuel: =, et Cl
l; Annys) Energ. Dezraase (¢)/lncrease(-) u @~ WY
2) Cost per w31V $ == [P3TU
3) Annual Dollar Dezrease/Increase ((1)x(2)) | IR Y AT
4) Differentsal Escalation Rite (c_%)Ffactor 2 1%
5) Discounted Dollar Decrease/Increase(d)x(4) S_ g gue
b. Type of Fuel: ﬁ\-g—tl-\lr'n" L ’
{? Annua! Encrgy Decrease (Ao‘ﬂlncruu (-) e WeTY
2) Cost per M3TU $ o - ¥Rl
3) Annual Dollar Decrease/Increase ((1)X(2)) $ .. .-z [
&) Differentia) Escalation Rate (_7_3%) Factor TR
5) Diszounted Dollar Decrease/Increase ((3)x(4)) $_ .. Tyus
c. Tyde of Fuel:
1) Annua) Tnergy Desrerse (e)/Increase (-) M3TY
2) Cost ger MBTY | _[MBTU_
3) Annua) Dollar Decrease/Increase ((1)x(2)) | AT
6; Differentis) Escalation Rate (_8) Factor
5) Discounted Dollar Decrease/increase ((3)x(4)) $
d. Type of Fuel!
1; Annua) Tnergy Decrease (¢)/Increase (=) ﬁTQ
2) Cost per MBTU $ 1
3) Annus! Dollar Decrease/Increase ((1)x{2)) $ J AT
4) Differentia) Escalation Rate (__%)Factor
§) Dfscounted Dollar Docn-:as?/;hgrz;;es(g;:;lzgn I ‘2
0. Discounted Encrpy Benpfits (3a(5)¢3d(5)e3c d _! e 54
4. Tots) Benefits gSw 5'0305 _cc4 poq
6. Discounted Benefit/Cost Ratio fUnc Ailtne 14) [ RE4
6. Tota) Annua) Energy hvihqs (3a{1)+3b(1)3c(1)3¢(1)) G-
7. E/C Ratfo (Line 6 ¢ Line 14/2000) 5.0
8. Annua) § Savings Eze-h(J)oab(J)OJc(J)‘Jd(J)) $ 42,.2%
9. Pay-bazk Pertod ((Lfne 1a = Salvape)sline &) ®
10, Ly te - Cyzcle Cont (Live ad -2£-2¢e ) +—_ 3L 92&
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[conom\;: tﬂ'n; = \rs. Dete Prepared_.» ;c ~ Prepared by ., &

COSTS
Y. hon-recyrring Initia) Capital Costs:

BEINE
2.

SR L
o o

o o=

a. Ot $ & -
b. Design $ <o -/
c. Sl s $ =)
g. Tota) | RN
FI78°
Recurring Benefit/Cost Differential Other Than Energy:
8. Annua) Labor Decrease (¢)/Increase (-) 3_1._,2.‘:_&_5!;_
b. Annua) Material Decrease (+)/Increase () $ [2) Yr.
c. Other Annus) Decrease (¢)/Increase (-) $__o Jyr.
d. TYotal Costs | IS AL
e. 0% Discount Factor $ 4. =2
f. Dfscounted Rezurring Cost (¢ x e) d-z24 /53
Fecurring Energy Benefit/Costs:
8. Tyoe of Fuel: = «t ~ |

1‘ Annua! Energ. Dezrease (¢)/incresse(-) . Ty

2) Cost per M3TU (SPITN 30N

3) Annud) Dollar Dezrease/Increase ((1)x(2)) § v oo fYr,

4) Differentis) f3zalation Rate (=_%)Factor — i

§) Discounted Dollar Decrease/Increase(3)x(4) $ o0 oo
b. 71 e :f Fu:h -IL&.‘-\-J:- %3‘71 ) MaT

nnual Energy Decrease (+)/incraase (- S8/

3 Cos: per MBTU $ = -7 ¥V

3) Annus) Dollar Decrease/Incrsase ((1)X(2)) $ =~ /.

4; Differentis) Escolation Rate (_7_%) Factor T

5) Dfszounte? Dollar De.rease/Increase ((3)x(4)) T =]
c. Tyve of Fuel:

1) Annue) Energy Decrecse (o)/Increase (=) MBTU

2) Zost per MATY $ LMY

3) Annya) Dollar Decrease/Increase ((1)x(2)) 3 AT

4; Differentia) Escalation Rate (_3) Factor

5) Discounted Dollar Decrease/Increase ((J)x(4)) $
d. Type of Fue':

1) Annua! Energy Decrease (¢)/Increase (-) MBTY

2) Cost per MBTV $ M8V

3) Annys) Dollar Decrease/Increase ({1)x(2)) $ Yr,

4) Differentia) Escalation Rate (__S)Factor

§) Discounted Dollar Decrease/increase ((3)x(4)) L
e. Discounted {nergg Bengfits (3a(5)¢3d(5)¢dc(5)e3d(5)) ¥ S W
Tota) Benefits (Sum cfede BcRi-Eey
Discounted Benefit/Cost Ratio (Line losino 1¢) 2,031
Tota) Annua) Energy Savings (dal))edd(1)¢3c(1)+3d(1)) T s
E/C Ratio (Line 6 + Line 1a/1000) L2-Q.
Annual § Savings $26~J|(J)db(l)dc(!)‘ld“)) S8 uo4
Pay-bazk Period ((Ltme Ya - Salvape)eline B) L2
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locatdon: V- ol Soomiio - o FY__E£4
[ ~

Projest: = ol Hoov- o~
5 2
Yconomic ["C::c- Yrs. Date Prepared < /52 Prepared by__—( &

LOSTS
T. Nan-recurring Inftia) Capita) Costs:
s. Lt $_c9c. - -
b. Design $_ /¢ oy
€. Saluage $ =
d. Tota) L o7 iy
BENEFITS ‘
¢. Recurring Benefit/Cost Differentia) Other Than Energy:
8. Annud) Labor Decrease (¢)/lncrease (-) $ —'2 49-)Yr
b. Annua) Materis) Decrease (+)/Increase (=) $ = fyr.
c. Other Annual Decrease (¢)/Increase (-) $ o ____[yr.
é. Total Costs $ /2 ¢az: [yr
e. 10: Discount Fastor §__— <24
f. Dfscounted Rezurring Cost (d x e) STy
3. PRecurring Energy Benefit/Costs:
0. Tyseof Fuel: = . ~1 o |
1; Annua) Energ. Dezrease (¢)/increase(-) 1, 754 MU
2) Cost per MSTY § = gc ViU
3) Annua) Dollar Dezrease/Increase ((1)x(2)) 1 et fYr,
4) Differentia) Escalation Rate (& ¥)Factor YA
§) Discounted Dollar Dezrease/Increase(d)xd) $§ = S22 cac
b. Type of Fuel: = o
{? Annuat ner§_y ncrease (-) 246 WMBTU_
2) Cost per MBTU $§ ~ -~ [MITU_
3) Annue) Dollar Decrease/Increase ((Y)X(2)) $§ -4 [y,
4) Differentia) Escalation Rate ( =_3%) Factor C - 4c
5) Discountel Dollar Decrease/Increase ((3)x(4)) RGN
c. Tyde of Fuel:
1} Annus) Energy Desrecse (e)/Tnzreass (=) MB TV
2 Cost per MBTY ' ~ [MBTY
3) Annua) Dollar Decrease/Increase ((1)x(2)) $ Jir
4) Differentia) Escalation Rate (_3%) Factor
§) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel!
1) Annua) Energy Decrease (¢)/increase (<) ___75%;1
2) Cost per MBTU $ U
3) Annue) Dollar Decrease/Increase (())x(2)) 3 JATHE
4) Differentia) Escalation Rate (_S)Facter
§) Discounted Dollar Docr:u?/gncrz;;t:(E:;::(“z)” 1 .
0. Discounted [nergy Bengfits (3a(5)¢3b(5)+3¢ d(s 1_;_5..‘;--, Lo
4. Tota) Benefity ;wa !Nhs aberl), 905
8. Discounted Benefit/Cost Ratio (Line deline 14) 2234
6. Tota) Annua) Energy S-lvhgs (3a(1)e3{1)¢3c(1)+34(1)) Ja2r3
7. E/C Ratto (Line & + Line 1a/1000) Y-
0. Annua) § Savings 225030(J)‘Jb(!)’)c(!)‘”(’)) $_rp 418
9. Pay-be:t Period ((Lfne Yo « Solvape)oline 8) et -
16, wfe-Cycle Coed (Live MJ-TF-2e) &, 210, A
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tocation: Co-lecrecde Tane i A~ fr <4
Projest: © i ieicl oy o -
= .04 G
conomit Life: 2£7Vrs, Date Prepared o 722 Prepared by T2 20
53309
T. “honerecurring Initia) Capite) Costs:
8. Cwt $ <o Lo~
b. Desiyn § (¢ 124
¢ Sl e $ o <
¢. Tota) | 1 2) 506
BINIFITS :
2. Recurring Benefit/Cost Differential Other Than Enerpy:
2. Anrua) Labar Decrease (¢)/!ncrease () $-2. - oo Yr
b. Annual Materia) Decrease (¢)/Increase {-) $ e ATH
¢. Other Annua) Decrease (+)/)ncrease (=) $ o[y,
d. Tota) Costs -2 1077 fYr.
e. 0% Discount Factor ( ) —"1%
f. Dfscounted Rezurring Cost (d x e -2 137
3. Rezurring Ene~py Benefit/Custs:
. Tyde 0f Fuel:l ot o~
lg Annys) Tnerg. De-rease (+)/incresse(-) g ety
2) Cost per M3TU = e \
3) Anaua) Dollar Dezrease/Inc-ease ((1)x(2)) $ 13 ez Jyr,
4) Differential Eszalation Rate (&_%)Facter —REl
§) Diszounted Dollar Decresse/Increase(d)x(4) T YRy
b. T e of Fuﬂ: C-J_Q' *'F"FL*L ’
{? Annua) Tnergy Decrease (e)/increase (-) HWETY
2) Cost per M3TU S > o Jrsu.
3) Annual Doldlar Decrease/Increase ((1)X(2)) $ - =4 Jyr,
54; Differentfa) Esca’ation Rate ( %) Factor XY,
§) Diszountes Dollar Dezrease/lncrease ((3)x{4)) $§ 47 =g
e. Type of Fuel:
1) Annys) Tnergy Decrecse (e)/Increase (=) METY
2) Cost ger MBTV | TWETY
3) Annue) Dollar Decrease/Increase ((1)x{2)) 3 AT
4; Differentia) Excadation Rate (_%) Factor
§) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
1) Annua) Energy Decrease (*)/Increase () BT
2) Cost per MBTY $ ]
3) Annus) Dollar Decrease/Increase ((1)2(2)) H} Yr,
43 Differentia) Escatation Rate (__%)Factor
§) Dfscomnted Dollar Decrease/increase ((3)x(d)) ]
¢. Discounted .ng Benefits (Ma(5)e3b(5)edc(5)+3d(8)) !J.:Lu,zss
4. Total Benefits SSW foJes A 722 40
§. Ofscounted Benefit/Cost Ratio fme Giline 1¢) f‘_‘fﬁ
€. Tota) Annual Energy Savings (3a{1)edn(1)¢3c(1)+3d(1)) ;9
7. E/¢ Ratfo (Line 6 ¢ Line 14/1000) !
s Annual) § Savings iuoaa(3)¢3b(3)03c(3)'36(3)) $ 4 A
#. Pay-back Perfod ({(Line Ya - Selvape)sline B) e
e, L':C’::§¢|C Cev | live Ld 1:-—?.«3 - 2,540 492
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LOSTY
T. Ron-recurring Inftia) Capits) Costs:
8. COnf $
b. ODesign § : =274
$

c. Saoloo e

¢. Totad 1 L |
g INEFITS oSN

Recurring Benefit/Cost Differentia) Other Than Enzryy:

8. Annua) Labdor Decrease (+)/Increase (<) $ - 396 fYr.
b. Annua) Materia) Decrease (+)/Increase (=) $ o (yr.
€. Other Annua) Decrease (¢)/Increase (-) $ o Jir.
d. Total Costs $ —=2a¢ Jrr.
e. 102 Discount Faztor - N
f. Discounte? Resurring Cost (¢ x ¢) | S
3. Re:urring Energy Benefit/losts:
8. Tyne of Fuel: .~ Al
1; Annua) Ererg. Decrease (+)/increase(-) =7/  METY
2) Cost per MSTY $ = ~c [rai
3 Annuzl Dotlar Dezrease/Incrense ((1)x(2)) RN Y AT
Differentia) Escalation Rate (< %)fartor YT
Du:ou?ted Dellar De: rease/Increase(d)x(4) $§ 157 SEA
e of Fue )
’; Annual Energy ncrease (-) — = MBTY
Cost per M3TY § - - JveTu
Annusl Dollsr Decresse/Increase Hl x(2)) $ - 3y jyr.
Difterentia) Escelasion Rate ( _~/_8) Factor FIRYE,
Discounted Dollar Decrease/Increase ((3)x(4)) $ -6
¢ Tm o T Becrecse (+)/] (-) BTy
nus) Enerygy retst (¢)/Increase
zzi Cost per MBTU $ /MBIy
3} Adnusl Dollar Decrease/Increase ((1)x(2)) 3 AT
4} Differentia) Escolation Rate (_3) Factor
§) Dfscounted Dollar Decrease/Increase ((N)x(4)) $
AR e T on () T
nud) Enevgy Decrease (¢)/increase (-
2, Cost per METY $ 7HET‘UL:
3) Anrud) Dollar Decrease/Increase ({1)x(2)) | r.
4) Differentia) Escalation Rate (__%)Factor
§) Dfscounted Do)lar Docrease/incraase ((3)x(d))
e. Discountad [nerg lensflu (3a(5)¢3d(5)¢3c(5)+3d(8)) Ll 2O
4. Tolal Benefits SU'\ _La.:r;éb‘t
§. Discounted Benefit/Cost Matio ’UM é1Line 1¢) Y-
€. Tota) Annua) Energy Savin? (Jc 1)033(1)0:!:(1)036(1)) e 2
7. E/C Ratfo (Line 6 + Line 10/10 T
0. Anny 1§ Savings 2e~:a(J}o:b(:)o:c(!)ﬂdm) ALy
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b. Design § 2 ¢45
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d. ot 23. 1178
BINIFITS
2. Recurring Benefit/Cost Differentia) Other Than Enargy:
8. Anrga) Ladar Dezrease (¢)/.ncrease (-) $ —qa,; [¥r
b. Aanua) Pateria) Dezrecse (¢)/Inzrease {-) ] -
c. Otrer Annual Decrease (¢)/lnzrease (=) $
d. Total Coscs H
e. 0% Diszount Faztor }
¢
.

3. Fezyrrirg Ene-pv Benefit/Costs:
. Tyoe of Fuel: .~ on b
(1) Arnus) Trerg. Dezrease (+)/inzrease(-)
2) Cost per M3TU
3) Anaud) Dellar Decrease/lrzredse ((1)x(2))
4; Differextia) E3zalation Rate (& $)Fartor
§) Ditzournted Dellar Dezrease/Increase(d)x(4)
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2) Cost per M3TU
3) Anrus) Dollar Decrease/Increase ((V)X(2))
ag Differentia) Escelation Rate ( 7_3%) Factor
§) Digszourtes Dollar Dezrease/Incresse ((3)x(4))
c. Tyve of Fuel:
1) Annuz) Energy Decretst (e)/1ncrease (-)
2) Cost per M3TU
3) Anua) DoYlar Decrease/Increase ((1)x(2))
¢) Differertia) Esca'ation Rate (__3) Factor
) Discounted Dollar Decrease/Increase ((3)xz{4))
d. Type of Fuel!
l; Annus) Energy Desrease (¢)/inzrease (-)
2) Cost per MBIV
3) Annus) Dodlar Decrease/Increase {{1)x(2))
t; Differentia) Escalation Rate (__%)Factor
§) Discounted Dullar Decrease/Incrasse ((3)x{4))
e. Diptounied Encrg Benefits (sa(5)¢3d(5)e3c(5)*34(5))
4, Jota) Benefits (S 5'039
5. Discounted Benefit/Cost Ratto (Line &iline V¢)
€. To'a) Annud) Ene-gy Sav1nil (3 1)+3b(1)e3c(1)+34(1))
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2. Recurring Benefit/Cost Differentie) Other Than Ingrgy:
B. Anru) Labor Dezrease (*Y/Increase (-) § — 12, JYr
b. Anrua) Pateriai Decrease (¢)/Increase (-) $ = JAL:
¢. Other Annual Dezreese (¢)/Increase (-) $ c /i
d. Tots) Costs § -2 [
e. 10% Discount Fastor $ 7. t5e0
f. Dfsczounted Rezurring Cost (¢ x e) -77r
3. Fecurrin; Ere-jy Berefit/Costs:
8. Tyde 0f Fuel: it ~ .|
1; A~nysY Ererg. Decrease (+)/increase(-) “o EETY
2) Cost per P3TV $ 2y Jr:Tu
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4) Differe~tfa) Escalation Reate { £ $)factor 1= 112
) Diszouste¢ Dollar Dezrease/Increase{3)x(4) $§ 1o . saa
b. Type of Fuel: £ |p-g-ic tu
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Z) Cost per M3TU $ = ~1 /[rElU
3) Arnnue) Dollar Decresse/Increase (f'l X{2)) $— x4 JAI S
4; Differentianl Escalation Rate ( _7_3) Faztor % z &
5) Diszountes Dcllar De: rease/ln.ruse ((3)x(4)) $ - 415
€. Type of Fuell
1) Annus) Energy Decrecse (e)/increase (=) M3TU
2) Cost per M3TY $ LMY
3} Aarua) DoYlar Decrease/Inzresse ((1)x(2)) 3 JATE
4) Differertia) Eszalation Rate %) Factor
5) Discounted Dollar Decrease/Increase ((3)x(4)) $
d. Type of Fuel:
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2) Cost per MBTV $ LY
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f. Dfscourte? Re:zwrring Cost (¢ x e) - < soz
3. Fezurrin; Ene-gy Benefn/f_o:.s
8. Tyve 0fF Fuel: & .t =, |
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d. Type of Fuel:
)g Annus) Energy Cecrease (¢)/Increase (<) MY
2) Cost per MBTU $ ARy
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3) Annua) Dcllar Dezrease/lnzrease ((1)X(2)) 3 _Jir.
&) Differentia) Eycalation Rate ( 7 %) Factor £ .14
5) Discountes Dollar Decrease/Inzrease ((3)=(4)) 3 :
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1. Cfszounte? Reiurring Cost (¢ x e) |
3. Fezurring fre-g»y Benef11/Cox 3t
8. Tyse of Fuel: T w1 -~ i B
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Fesurrin; Ene-gy Benefit/Costs:

Q. 'l’ybeovrue\ = Lo

1; Annus) Energ. Deirease (¢)/lnzrease(-)

2) Cost per M3TV
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